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NUCLEIC ACID ARRAYS 

CROSS-RFFERENCF TO RFT.ATF.n APPr I£AJJ QHS 
This application is a continuation-in-part of application serial no. 08/859,998 filed on 
May 21, 1997 and application serial no. 09/053,375 filed on March 31, 1998, the disclosures 
of which are herein incorporated by reference. 

INTRODUCTION 

Technical FH^I 

The field of this invention is biopolymeric arrays. 

Background of the Inv^ti™ 

"Biochips" or arrays of binding agents, such as oligonucleotides and peptides, have 
become an increasingly important tool in the biotechnology industry and related fields. 
These binding agent arrays, in which a plurality of binding agents are deposited onto a solid 
support surface in the form of an array or pattern, find use in a variety of applications, 
including drug screening, nucleic acid sequencing, mutation analysis, and the like. One 
important use of biochips is in the analysis of differential gene expression, where the 
expression of genes in different cells, normally a ceil of interest and a control, is compared 
and any discrepancies in expression are identified. In such assays, the presence of 
discrepancies indicates a difference in the classes of genes expressed in the cells being 
compared. 

In methods of differential gene expression, arrays find use by serving as a substrate to 
which is bound polynucleotide "probe" fragments. One then obtains "targets" from 
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analogous cells, tissues or organs of a healthy and diseased organism. The targets are then 
hybridized to the immobilized set of polynucleotide "probe" fragments. Differences between 
the resultant hybridization patterns are then detected and related to differences in gene 
expression in the two sources. 
5 A variety of different array technologies have been developed in order to meet the 

growing need of the biotechnology industry, as evidenced by the extensive number of 
patents and references listed in the relevant literature section below. 

Despite the wide variety of array technologies currently in preparation or available on 
the market, there is a continued need to identify new array devices to meet the needs of 
1 0 specific applications. Of particular interest would be the development of an array capable of 
providing high throughput analysis of differential gene expression. 

Relevant T iterate 

Patents and patent applications describing arrays of biopolymeric compounds and 
15 methods for their fabrication include: 5,242,974; 5,384,261; 5,405,783; 5,412,087; 

5,424,186; 5,429,807; 5,436,327; 5,445,934; 5,472,672; 5,527,681; 5,529,756; 5,545,531; 
5,554,501; 5,556,752; 5,561,071; 5,599,895; 5,624,71 1; 5,639,603; 5,658,734; WO 
93/17126; WO 95/11 995; WO 95/35505; EP 742 287; and EP 799 897. 

Patents and patent application describing methods of using arrays in various 
20 applications include: 5,143,854; 5,288,644; 5,324,633; 5,432,049; 5,470,710; 5,492,806; 
5,503,980; 5,510,270; 5,525,464; 5,547,839; 5,580,732; 5,661,028; WO 95/21265; WO 
96/3 1 622; WO 97/1 0365; WO 97/273 1 7; EP 373 203; and EP 785 280. " 

Other references of interest include: Atlas Human cDNA Expression Array I (April 
1997) CLONTECHniques XII: 4-7; Lockhart et al., Nature Biotechnology (1996) 14: 1675- 
25 1 680; Shena et al., Science ( 1 995) 270: 467-470; Schena et al.. Proc. Nat'l Acad. Sci. USA 
(1996)93:10614-10619; Shalon et al.. Genome Res. (1996) 6: 639-645; Milosavljevic et al.. 
Genome Res. (1996) 6:132-141; Nguyen et al., Genomics (1995)29: 207-216; Pietu et al., 
Genome Res. (1996) 6: 492-503; Zhao et al., Gene (1995) 166:207-213; Chalifour et al.. 
Anal. Biochem. (1994) 216:299-304; Heller et al., Proc. Nat'l Acad. Sci. USA (1997) 94: 
30 2150-2155; and Schena. M., BioAssays ( 1 996) 18: 427-431. 
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SUMMARY OF THE fNVFM Tf OKJ 
Arrays of polynucleotide spots stably associated with the surface of a solid support 
and kits comprising the same, as well as methods for their preparation and use in 
hybridization assays, are provided. The subject arrays comprise a plurality of polynucleotide 
spots, wherein each different polynucleotide spot is made up of a polynucleotide probe 
composition and at least a portion of the polynucleotide probe compositions are made up of 
unique polynucleotides. The arrays arc further characterized in that all of the unique 
polynucleotides on the array correspond to the same type of gene. The subject arrays find 
particular use in differential gene expression analysis. Also provided are sets of a 
representational number of gene specific primers useful in generating target nucleic acids for 
use with the subject arrays in hvbridi/atton assays. 

BRH T PrsCKlPTTON QF THF FTP.T TPFS 
Fig. 1 provides a represents K>n of an array according to the subject invention. 

DEFINITIONS 

The term "nucleic aod~ a> used herein means a polymer composed of nucleotides, 
e.g. deoxyribonuclcotides ox nronuLicotidcs. 

The terms "ribonucleic ^ >J~ juhJ "RNA" as used herein mean a polymer composed 
of ribonucleotides. 

The terms "deox\ nhonu. .ck .x iJ~ and "DNA" as used herein mean a polymer 
composed of deoxyribonucie<»<»des 

The term "oligonucleotide" a% uved herein denotes single stranded nucleotide 
multimers of from about in u» !•«> n-^scotidcs in length. 

The term "polynucleotide" 4 uved herein refers to single or double stranded polymer 
composed of nucleotide mommH-r . greater than about 120 nucleotides in length up to 
about 1000 nucleotides in length 

The term "array type" relets u> the type of gene represented on the array by the 
unique polynucleotides, where the t>pc of gene that is represented on the array is dependent 
on the intended purpose of the airj> .eg to monitor expression of key human genes, to 
monitor expression of known oncogenes, etc. i.e. the use for which the array is designed. As 
such, all of the unique polynucleotides on a given array correspond to the same type or 
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category or group of genes. Genes are considered to be of the same type if they share some 
common linking characteristics, such as: species of origin, e.g. human, mouse, rat, etc.; 
tissue or cell type of origin, e.g. muscle, neural, dermal, organ, etc.; disease state, e.g. cancer; 
functions, e.g. protein kinases, tumor supressors and the like, participation in the same 
5 normal biological process, e.g. apoptosis, signal transduction, cell cycle regulation, 

proliferation, differentiation etc.; and the like. For example, one array type that is provided 
below is a "cancer array" in which each of the "unique" polynucleotide probes correspond to 
a gene associated with a cancer disease state. Likewise, a "human array" may be an array of 
polynucleotides corresponding to unique tightly regulated human genes. Similarly, an 
10 "apoptosis array" may be an array type in which the polynucleotides correspond to unique 
genes associated with apoptosis. 

The "unique" polynucleotide sequences associated with each type of array of the 
present invention are sequences which are distinctive or different with respect to every other 
polynucleotide sequence on the array and correspond to the same type of gene, as defined 
1 5 above. For example, in a cancer array, each unique polynucleotide has a sequence that is not 
homologous to any other known cancer associated sequence. Moreover, each polynucleotide 
sequence on the array is statistically chosen to ensure that the probability of homology to any 
sequence of that type is very low. Morever, in the cancer array embodiment, all sequences 
are statistically chosen to insure that the probability of homology to any other sequence 
20 associated with cancer or of human origin is very low. An important feature of the individual 
polynucleotide probe compositions of the subject arrays is that they are only a fragment of 
the entire cDNA of the gene to which they correspond. In other words, for each gene 
represented on the array, the entire cDNA sequence the gene is not represented on the array. 
Instead, the sequence of only a portion or fragment of the entire cDNA is represented on the 
25 array by this unique polynucleotide. 

The term "polynucleotide probe composition" refers to the nucleic acid composition 
that makes up each of the spots on the array. Thus, the term M polynucleotide probe 
composition" includes nucleic acid compositions of unique polynucleotides and control or 
calibrating polynucleotides (e.g. polynucleotides corresponding to housekeeping genes). The 
30 polynucleotide compositions are made up of single stranded polynucleotides (i.e. 

polynucleotides that are not hybridized to each other), where all of the polynucleotides in the 
probe composition may be identical to each other or there may be two different 
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polynucleotides (polynucleotides of different nucleotide sequence) in each probe 
composition, where the two different polynucleotides are complementary to each other. 

The term "gene specific primer" means a polynucleotide of sufficient length to 
specifically hybridize to a distinct nucleic acid member of the sample, e.g. RNA or cDNA, 
5 where the length of the gene specific primers will usually be at least 8 nt more usually at 
least 20 nt and may be as long as 25 nt or longer, but will usually not exceed 50 nt. The gene 
specific primers of the subject invention are sufficiently specific to hybridize to 
complementary template sequence during the generation of labeled nucleic acids under 
conditions sufficient for first strand cDNA synthesis, which conditions are known by those 
10 of skill in the art. The number of mismatches between the gene specific primer sequences 
and their complementary template sequences to which they hybridize during the generation 
of labeled nucleic acids in the subject methods will generally not exceed 20 %, usually will 
not exceed 10 % and more usually will not exceed 5 %, as determined using the FASTA 
program using default settings. 

15 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Arrays of polynucleotide spots and methods for their preparation are provided. In the 
subject arrays, a plurality of polynucleotide spots is stably associated with the surface of a 
solid support, where at least a portion of the polynucleotide spots on the array are made up 

20 of unique polynucleotides and all of the unique polynucleotides of the array correspond to 
one particular type of gene, e.g. tightly regulated human genes, genes associated with a 
particular disease state, genes associated with cell cycle regulation, etc. The subject arrays 
find particular use in gene expression assays. Also provided are sets of a representational 
number of gene specific primers useful in generating target nucleic acids for use with the 

25 subject arrays. In further describing the subject invention, the arrays first will be described in 
general terms. Next, methods for their preparation are described. Following this, a 
description of representative specific array types falling within the scope of the invention 
will be provided. Finally, a review of representative applications in which the subject arrays 
may be employed will be provided, where this review includes a description of the sets of a 

30 representational number of gene specific primers according to the subject invention. 
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Before the subject invention is further described, it is to be understood that the 
invention is not limited to the particular embodiments of the invention described below, as 
variations of the particular embodiments may be made and still fall within the scope of the 
appended claims. It is also to be understood that the terminology employed is for the purpose 
5 of describing particular embodiments, and is not intended to be limiting. Instead, the scope 
of the present invention will be established by the appended claims. 

In this specification and the appended claims, the singular forms "a," "an," and "the" 
include plural reference unless the context clearly dictates otherwise. Unless defined 
10 otherwise, all technical and scientific terms used herein have the same meaning as 

commonly understood to one of ordinary skill in the art to which this invention belongs. 

Arrays of the Subject K\ lkth >N-cir nlral Description 

1 5 A rray Structure 

The arrays of the subiec: invention have a plurality of polynucleotide spots stably 
associated with a surface ot a soiid support. Each spot on the array comprises a 
polynucleotide sample, i.e poi\ nucleotide probe composition, of known identity, usually of 
known sequence, as described in greater detail below. The polynucleotide spots on the array 

20 may be any convenient shape. i> pically be circular, elliptoid, oval or some other 

analogously curved shape I he Jen at\ ol ihe spots on the solid surface is at least about 
5/cm : and usually at least jhi»ut hum but does not exceed about lOOO/cm 2 , and usually 
does not exceed about 5(H) cm . a/xJ more usually does not exceed about 300/cm 2 . The spots 
may be arranged in any con\ enseal pattern across or over the surface of the array, such as in 

25 rows and columns so as to torm a er iJ. in a circular pattern, and the like, where generally the 
pattern of spots will be present m :»k- lorm ol a grid across the surface of the solid support. 
See Fig. I. 

In the subject arrays, the spot* ot the pattern are stably associated with the surface of 
a solid support, where the support ma\ be a flexible or rigid solid support. By stably 
30 associated is meant that the poU nucleotides of the spots maintain their position relative to 
the solid support under hybridization and washing conditions. As such, the polynucleotide 
members which make up the spots can be non-covalently or covalently stably associated 
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with the support surface. Examples of non-covalent association include non-specific 
adsorption, binding based on electrostatic (e.g. ion, ion pair interactions), hydrophobic 
interactions, hydrogen bonding interactions, specific binding through a specific binding pair 
member covalentiy attached to the support surface, and the like. Examples of covatent 
5 binding include covalent bonds formed between the spot polynucleotides and a functional 
group present on the surface of the rigid support, e.g. -OH, where the functional group may 
be naturally occurring or present as a member of an introduced linking group, as described in 
greater detail below. 

As mentioned above, the array is present on either a flexible or rigid substrate. By 
10 flexible is meant that the support is capable of being bent, folded or similarly manipulated 

without breakage. Examples of solid materials which are flexible solid supports with respect 

to the present invention include membranes, e.g. nylon, flexible plastic films, and the like. 

By rigid is meant that the support is solid and does not readily bend, i.e. the support is not 

flexible. As such, the rigid substrates of the subject arrays are sufficient to provide physical 
1 5 support and structure to the polymeric targets present thereon under the assay conditions in 

which the array is employed, particularly under high throughput handling conditions. 

Furthermore, when the rigid supports of the subject invention are bent, they are prone to 

breakage. 

The solid supports upon which the subject patterns of spots are presented in the 
20 subject arrays may take a variety of configurations ranging from simple to complex, 

depending on the intended use of the array. Thus, the substrate could have an overall slide or 
plate configuration, such as a rectangular or disc configuration. In many embodiments, the 
substrate will have a rectangular cross-sectional shape, having a length of from about 10 mm 
to 200 mm, usually from about 40 to 150 mm and more usually from about 75 to 125 mm 
25 and a width of from about 10 mm to 200 mm, usually from about 20 mm to 120 mm and 
more usually from about 25 to 80 mm, and a thickness of from about 0.01 mm to 5.0 mm, 
usually from about 0.1 mm to 2 mm and more usually from about 0.2 to 1 mm. 

The substrates of the subject arrays may be fabricated from a variety of materials. 
The materials from which the substrate is fabricated should ideally exhibit a low level of 
30 non-specific binding during hybridization events. In many situations, it will also be 

preferable to employ a material that is transparent to visible and/or UV light. For flexible 
substrates, materials of interest include: nylon, both modified and unmodified, nitrocellulose, 
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polypropylene, and the like, where a nylon membrane, as well as derivatives thereof, is of 
particular interest in this embodiment. For rigid substrates, specific materials of interest 
include: glass; plastics, e.g. polytetrafluoroethylene, polypropylene, polystyrene, 
polycarbonate, and blends thereof, and the like; metals, e.g. gold, platinum, and the like; etc. 
5 The substrates of the subject arrays comprise at least one surface on which the pattern 

of spots is present, where the surface may be smooth or substantially planar, or have 
irregularities, such as depressions or elevations. The surface on which the pattern of spots is 
present may be modified with one or more different layers of compounds that serve to 
modify the properties of the surface in a desirable manner. Such modification layers, when 
10 present, will generally range in thickness from a monomolecular thickness to about 1 mm, 
usually from a monomolecular thickness to about 0.1 mm and more usually from a 
monomolecular thickness to about 0.001 mm. Modification layers of interest include: 
inorganic and organic layers such as metals, metal oxides, polymers, small organic 
molecules and the like. Polymeric layers of interest include layers of: peptides, proteins, 
1 5 polynucleic acids or mimetics thereof, e.g. peptide nucleic acids and the like; 

polysaccharides, phospholipids, polyurethanes, polyesters, polycarbonates, polyureas, 
polyamides, polyethyleneamines, polyarylene sulfides, polysiloxanes, polyimides, 
polyacetates, and the like, where the polymers may be hetero- or homopolymeric, and may 
or may not have separate functional moieties attached thereto, e.g. conjugated. 
20 The tota l number of spots on the substrate will vary depending on the number of 

different polynucleotide probes one wishes to display on the surface, as well as the number 
of control spots, calibrating spots and the like, as may be desired depending on the particular 
application in which the subject arrays are to be employed. Generally, the pattern present on 
the surface of the array will comprise at least about 10 distinct spots, usually at least about 
25 20 distinct spots, and more usually at least about 50 distinct spots, where the number of spots 
may be as high as 10,000 or higher, but will usually not exceed about 5,000 distinct spots, 
and more usually will not exceed about 3,000 distinct spots. In many embodiments, it is 
preferable to have each distinct probe composition presented in duplicate, i.e. so that there 
are two spots for each distinct polynucleotide probe composition of the array. In certain 
30 embodiments, the number of spots will range from about 200 to 600. 

The amount of polynucleotide present in each spot will be sufficient to provide for 
adequate hybridization and detection of target nucleic acid during the assay in which the 
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array is employed. Generally, the amount of polynucleotide in each spot will be at least 
about 0.1 ng, usually at least about 0.5 ng and more usually at least about 1 ng, where the 
amount may be as high as 1000 ng or higher, but will usually not exceed about 20 ng and 
more usually will not exceed about 10 ng. The copy number of each polynucleotide in a spot 
5 will be sufficient to provide enough hybridization sites for target molecule to yield a 

detectable signal, and will generally range from about 0.01 fmol to 50 fmol, usually from 
about 0.05 fmol to 20 fmol and more usually from about 0.1 fmol to 5 fmol. Where the spot 
has an overall circular dimension, the diameter of the spot will generally range from about 
10 to 5,000 jj.m, usually from about 20 to 2,000 //m and more usually from about 50 to 1000 
10 /um. 

A critical feature of the subject arrays is that at least a portion, usually the majority, 
of the polynucleotide spots on the array are made up of polynucleotide probes that all 
correspond to the same kind or kind of gene, i.e. genes that all share some common 
characteristic or can be grouped together based on some common feature, such as species of 

15 origin, tissue or cell of origin, functional role, disease association, etc. Other spots which 
may be present in the pattern include spots comprising genomic DNA, housekeeping genes, 
negative and positive control genes, and the like. These latter types of spots comprise 
polynucleotides that are not "unique" as that term is defined and used herein, i.e. they are 
"common." In other words, they are calibrating or control genes whose function is not to tell 

20 whether a particular "key" gene of interest is expressed, but rather to provide other useful 
information, such as background or basal level of expression, and the like. The percentage 
of spots which are made of unique polynucleotides that correspond to the same type of gene 
is generally at least about 30 number %, and usually at least about 60 number % and more 
usually at least about 80 number %. Therefore, the arrays of the subject invention will be of a 

25 specific array type, where representative array types include: human arrays, mouse arrays, 
cancer arrays, apoptosis arrays, human stress arrays, oncogene and tumor suppressor arrays, 
cell-cell interaction arrays, cytokine and cytokine receptor arrays, rat arrays, blood arrays, 
mouse stress arrays, neuroarrays, and the like, where some of these representative arrays are 
described in greater detail below. 

30 With respect to the polynucleotide probes that correspond to a particular type or kind 

of gene, type or kind can refer to a plurality of different characterizing features, where such 
features include: species specific genes, where specific species of interest include eukaryotic 
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species, such as mice, rats, rabbits, pigs, primates, humans, etc.; function specific genes, 
where such genes include oncogenes, apoptosis genes, cytokines, receptors, protein kinases, 
etc.; genes specific for or involved in a particular biological process, such as apoptosis, 
differentiation, cell cycle regulation, cancer, aging, proliferation, etc.; location specific 
5 genes, where locations include organ, such as heart, liver, prostate, lung etc., tissue, such as 
nerve, muscle, connective, etc., cellular, such as axonal, lymphocytic, etc. or subcellular 
locations, e.g. nucleus, endoplasmic reticulum, Golgi complex, endosome, lyosome, 
peroxisome, mitochondria, cytoplasm, cytoskeleton, plasma membrane, extracellular space; 
specific genes that change expression level over time, e.g. genes that are expressed at 

10 different levels during the progression of a disease condition, such as prostate genes which 
are induced or repressed during the progression of prostate cancer. 

The average length of the polynucleotides on the array is chosen to be of sufficient 
length to provide a strong and reproducible signal, as well as tight and robust hybridization. 
As such, the average length of the polynucleotides of the array will typically range from 

15 about 120 to 1000 nt and usually from about 120 to 800 nt, where in many embodiments, the 
average length ranges from about 200 to 700 nt, and usually 200 to 600 nt. The length of 
each polynucleotide on the array is less than the length of the mRNA to which it 
corresponds. As such, the polynucleotide represents only a fraction of the full length cDNA 
to which it corresponds. 

20 As mentioned above, the subject arrays typically comprise one or more additional 

spots of polynucleotides which do not correspond to the array type, i.e. the type or kind of 
gene represented on the array. In other words, the array may comprise one or more spots that 
are made of non "unique" polynucleotides, i.e common polynucleotides. For example, spots 
comprising genomic DNA may be provided in the array, where such spots may serve as 

25 orientation marks. Spots comprising plasmid and bacteriophage genes, genes from the same 
or another species which are not expressed and do not cross hybridize with the cDN A target, 
and the like, may be present and serve as negative controls. In addition, spots comprising 
housekeeping genes and other control genes from the same or another species may be 
present, which spots serve in the normalization of mRNA abundance and standardization of 

30 hybridization signal intensity in the sample assayed with the array. 
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Polynucleotide Probes of the Arrays 

Each spot of the pattern present on the surface of the substrate is made up of a unique 
polynucleotide probe composition. By "polynucleotide probe composition" is meant a 
collection or population of single stranded polynucleotides capable of participating in a 
hybridization event under appropriate hybridization conditions, where each of the individual 
polynucleotides may be the same — have the same nucleotide sequence— or different 
sequences, for example the probe composition may consist of 2 different single stranded 
polynucleotides that are complementary to each other (i.e. the two different polynucleotides 
in the spot are complementary but physically separated so as to be single stranded, i.e. not 
hybridized to each other). In many embodiments, the probe compositions will comprise two 
complementary, single stranded polynucleotides. 

In those polynucleotide probe compositions having unique polynucleotides, the 
sequence of the polynucleotides are chosen in view of the type and the intended use of the 
array on which they are present. The unique polynucleotides are chosen so that each distinct 
unique polynucleotide does not cross-hybridize with any other distinct unique polynucleotide 
on the array, i.e. the polynucleotide of any other polynucleotide probe composition that 
corresponds to a different gene falling within the broad category or type of genes represented 
on the array. As such, the nucleotide sequence of each unique polynucleotide of a probe 
composition will have less than 90% homology, usually less than 85 % homology, and more 
usually less than 80% homology with any other different polynucleotide of a probe 
composition of the array, where homology is determined by sequence analysis comparison 
using the FASTA program using default settings. The sequence of unique polynucleotides in 
the probe compositions are not conserved sequences found in a number of different genes (at 
least two), where a conserved sequence is defined as a stretch of from about 40 to 200 
nucleotides which have at least about 90% sequence identity, where sequence identity is 
measured as above. The polynucleotide will generally be a deoxyribonucleic acid having a 
length of from about 120 to 1000, usually from 120 to 700 nt, and more usually 200 to 600 
nt. The polynucleotide will not cross-hybridize with any other polynucleotide on the array 
under standard hybridization conditions. Again, the length of the polynucleotide will be 
shorter than the mRNA to which it corresponds. 
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Array Preparation 

The subject arrays can be prepared using any convenient means. One means of 
preparing the subject arrays is to first synthesize the polynucleotides for each spot and then 
deposit the polynucleotides as a spot on the support surface. The polynucleotides may be 
5 prepared using any convenient methodology, such as automated solid phase synthesis 
protocols, preparative PCR and like, where preparative PCR or enzymatic synthesis is 
preferred in view of the length and the large number of polynucleotides that must be 
generated for each array. 

For preparative PCR, primers flanking either side of the portion of the gene of 

10 interest will be employed to produce amplified copy numbers of the portion of interest. 

Methods of performing preparative PCR are well known in the art, as summarized in PCR, 
Essential Techniques (Ed. J.F. Burke, John Wiley & Sons)(1996). Alternatively, if a gene 
fragment of interest is cloned into a vector, vector primers can be used to amplify the gene 
fragment of interest to produce the polynucleotide. 

15 In determining the portion of the gene to be amplified and subsequently placed on the 

array, regions of the gene having a sequence unique to that gene should preferably be 
amplified. Different methods may be employed to choose the specific region of the gene to 
be amplified. Thus, one can use a random approach based on availability of a gene of 
interest. However, instead of using a random approach which is based on availability of a 

20 gene of interest, a rational design approach may also be employed to choose the optimal 
sequence for the hybridization array. Preferably, the region of the gene that is selected and 
amplified is chosen based on the following criteria. First, the sequence that is chosen should 
yield a polynucleotide that does not cross-hybridize with any other polynucleotide that is 
present on the array. Second, the sequence should be chosen such that the polynucleotide has 

25 a low probability of cross-hybridizing with a polynucleotide having a nucleotide sequence 
found in any other gene, whether or not the gene is to be represented on the array from the 
same species of origin, e.g. for a human array, the sequence will not be homologous to any 
other human genes. As such, sequences that are avoided include those found in: highly 
expressed gene products, structural RNAs, repeated sequences found in the sample to be 

30 tested with the array and sequences found in vectors. A further consideration is to select 

sequences which provide for minimal or no secondary structure, structure which allows for 
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optimal hybridization but low non-specific binding, equal or similar thermal stabilities, and 
optimal hybridization characteristics. 

The prepared polynucleotides may be spotted on the support using any convenient 
methodology, including manual techniques, e.g. by micro pipette, ink jet, pins, etc., and 
5 automated protocols. Of particular interest is the use of an automated spotting device, such 
as the Beckman Biomek 2000 (Beckman Instruments). As mentioned above, the 
polynucleotide probe compositions that are spotted onto the array surface are made up of 
single stranded polynucleotides, where all the polynucleotides may be identical to each other 
or a population of complementary polynucleotides may be present in each spot. 

10 

Specific Array Types of the Subject Invention 

A variety of specific array types are also provided by the subject invention. As 
discussed above, array type refers to the nature of the polynucleotide probes present on the 
1 5 array and the types of genes to which the probes correspond. These array types include: 

human array; mouse array; cancer array, apoptosis array, human stress array, oncogene and 
tumor suppressor anray, cell-cell interaction array, and cytokine and cytokine receptor array, 
as well as other types of arrays, e.g. rat array, rat stress array, blood array, mouse stress 
array, and nueroarray. Each of these arrays is described separately below. 

20 

Human Array 

One specific array type provided by the subject invention is the human array. In the 
human array of the subject invention, the majority of the spots on the array have a 
polynucleotide sequence corresponding to a human gene of interest. As such, all of the 

25 unique polynucleotide probes on the array correspond to human genes. The human genes 
represented on the human array are typically those genes that have been identified by those 
of skill in the art as key genes. By "key" is meant that the genes are relevant and related to 
the purpose of the array, e.g. the identification of difference in the expression profiles of 
different cell or tissue types, where the key genes are generally functionally important to the 

30 cell. In many embodiments, the genes represented on the human array are tightly regulated 
human genes. The term "tightly regulated gene" is used herein in accordance with its art 
accepted definition and use. As such, by tightly regulated human gene is meant a gene which 
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is not "leaky," as opposed to housekeeping genes which are generally expressed at similar 
levels in different cells and different tissues, i.e. a gene which is inducible such that in 
response to a specific inducing signal the gene turns "on" and when this signal is removed, 
the gene turns "off." 

5 In certain embodiments of the human array, human genes that may be represented on 

the subject arrays include: (a) oncogenes & tumor suppressors; (b) cell cycle regulators; (c) 
stress response proteins; (d) ion channel & transport proteins; (e) intracellular signal 
transduction modulators and effectors; (f) apoptosis-related proteins; (g) DNA synthesis, 
repair and recombination proteins; (h) transcription factors & general DNA binding proteins; 

10 (i) growth factor & chemokine receptors; (j) interleukin & interferon receptors; (k) hormone 
receptors; (1) neurotransmitter receptors; (m) cell surface antigens & cell adhesion proteins; 
(n) growth factors, cytokines and chemokines; (o) interleukins & interferons; (p) hormones; 
(q) extracellular matrix proteins; (r) cytoskeleton & motility proteins; (s) RNA processing & 
turnover proteins; (t) post-translational modification, trafficking & targeting proteins; (u) 

15 protein turnover; and (v) metabolic pathway proteins. 

In view of the length of the polynucleotides of the probe compositions of the spots, 
each polynucleotide of a probe composition typically has a nucleotide sequence of only a 
portion of the human gene. Specific sequences to which the polynucleotide sequence may 
correspond include those identified in Table 1 below, where by "correspond" is meant that 

20 the polynucleotide could have the same sequence as specified or a sequence complementary 
to the specified sequence. Whether the polynucleotide sequence is the same as a portion of 
the sense strand of the gene to which is corresponds or complementary thereto is based 
primarily on the nature of the target which the array is to be used, e.g. if the target is first 
strand cDNA, the polynucleotide will have a sequence found in the anti-sense DNA strand of 

25 the gene to which it corresponds. 

Of particular interest is a human array of the subject invention as shown in Fig. 1. In 
the array, each spot on the array comprises a known polynucleotide, as specified in Table I, 
where the array comprises spots which: (a) correspond to 588 different tightly regulated 
human genes; (b) comprise plasmid and bacteriophage polynucleotides; (c) comprise 

30 polynucleotides corresponding to housekeeping genes; and (d) genomic DNA. Each of the 
different types of polynucleotide spots are positioned at a known location on the membrane 
surface. 

-14- 



BNSDOCID: <WO 9853103A1_L> 



WO 98/53103 




PCT/US98/10561 



TABLE 1 



c 
o 

o 

CL 



CO 
CO 

up 

5> 
CO 



CD 

m co i 
go in 

COjCM 

co I cm 
o m 
tn !cm 

CO I CM 



or^ in o 

flD ^ fx OJ N 

(X3 »n 

CM O CM CM *T 



CO <?> 



CO CM 



id 1 vn O co go 
in • fo » <\i i cd t <n 



CD 



CD 

CM I CD 



a. 
cu 
o 
a> 



0) 

E 

CO 

z 

0) 

c 
ai 
O 



c 
o 

<D 
CU 



«0 

c! 



5 

2 u 

o -J 



2' |£ Z 



o 

a. 
cu 
u 
cu 
t— 

CM 



CM 



—| O 



CO 
CO 
CO 
CD 
CM 



c 

CD 

a> 
c 

cu 

a 



CM 
O 
XT 

O 
X 

co" 

LO 

o 

o 

x 



CO 

c 



o 
o 
a 

>s 
(0 



CM 

LU 



tn 

LU 



E 

CM 
LU 



CO 

E 

CU I 
CU I 



o • 
oil 

TO 

o 

ax 

cu 



• 1 1. 



CL;=I 



3 ^ * ~ 



c c 

3:3 

c c 



£ * - * * - 

n r • • J 

o - x *■ 5 



OJ cu 



b t CU 

So 



CO 



CO 

>> 
c 
o 
o 
o 
cu 

O) 

co 

JZ 
CL 

o 

» 

o 

CO 

E 
cu 

o 



(0 

a> 



o 

03 
O) 

c 
E 
o 
Vy 
c 

CO 



0 cm ~n *r ~ — O ' — 

♦ rvi r " 1 _ ^ flD O CO 



in 



Jg i CM , L: • 7 r c 6 CO 
Cj» rrv *X ~ r <* xs * *-lCM 
l S C ^ — O - O © 



. • ; l 

i i 

-Q ^3 u O tj 

*r — — ■ — — m 

Ou<u Ju. miu. 



CO 



15- 



0)j OJ 

oil 



BNSDOCID: <WO 96531 03A1J_> 



WO 98/53103 



PCT/US98/10561 



Table 1 (cont) 













































































I Position 


4164-4434 


2562-2740 


I442-648 


3399-3748 


651-1116 


2641-2974 


555-959 


553-1012 


2021-2246 


934-1250 


674-1006 


1879-2146 


610-849 


1281-1494 


610-824 


1423-1740 


508-921 


817-1147 


1043-1452 


885-1270 


2297-2697 


3358-3592 


289-528 


2448-2803 


2762-3242 


2442-2473 


1126-1363 


958-1272 


1315-1633 


1873-2272 


3114-3536 


4236-4402 


858-560 


1262-1605 


572-976 I 


1449-1831 


Gene Name 


[kidney epidermal growth factor (EGF) precursor 


interferon alpha receptor (HUIFN-ALPHA-REC) 


| interleukin 10 (IL10) 


interleukin 2 receptor beta chain (P70-75) 


interleukin 3 receptor (HIL-3RA) 


interleukin 4 receptor 


interleukin 5 receptor alpha 


| interferon alpha/beta receptor 


cytokine humig 


(cholinergic receptor nicotinic alfa polipeptide 3 


interleukin 2 receptor gamma polipeptide 


I androgen receptor 


ciliary neurotropic factor receptor 


adenosine receptor 


interferon gamma receptor 


erythropoietin receptor 


A1 adenosine receptor-adenylate cyclase inhibitor 


orphan hormone nuclear receptor 


adenosine receptor A3 


calcitonin receptor 


coagulating factor II receptor 


transforming growth factor beta receptor III 300 kDa 


interleukin 9 receptor 


interleukin 10 receptor 


nerve growth factor receptor 


Vitronectin receptor alpha subunit 


GATA-binding protein 2 


CCAAT-box DNA-binding protein Hap2 homolog 


retinoic acid receptor epsilon 


B-myb | 


tyrosine kinase receptor tie 


tyrosine kinase receptor FLT4 class III 


helix-loop-helix protein 1R21 


thrombomodulin 


basic transcription element-binding protein 2 


basic transcription factor 62 kDa subunit 


GeneBank # 


X04571 


J03171 


M57627 


M26062 


M74782 


X52425 


M75914 


X77722 


HG1621 


HG1160, M37981 


HG1252, D11086 


HG1334, M20132. J03180 


HG135, M73238 


HG1410, X68486 i 


HG1757, J03143 


HG2246, M60459 


S56143 


HG3354, Z30425 


HG3381.X76981 


L00587 


HG74, M62424 


HG886, L07594 


HG216.M84747 


HG4080, U00672 


HG423, M14764 


HG1023 


HG125 


HG1377 


HG1458 


HG1470, X13293 I 


HG1551 


HG1601 


HG1603 


HG1650 


HG1697 


HG1963 


Array Coordinate 
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i ] 


Position 


111-382 


1855-2030 


2826-3144 


1587-1911 


1621-1886 


349-657 


3044-3302 


2686-3053 


1253-1475 


1676-2100 


1686-2063 


2551-2820 


359-765 


2621-2989 


1818-2029 


3410-3757 


1103-1398 


2607-3053 


1304-1736 


66-317 


96-341 


882-1057 


1449-1700 I 


2000-2400 


606-843 


1545-1575 


2415-2682 


749-1043 


710-1064 


1006-1384 


2003-2311 


1603-1838 


203-434 


1059-1495 


807-1120 


3570-3965 


Gene Name 


helix-loop-helix protein ld-2 


angiotensin II type 1a receptor alt splice 1 


tyrosine kinase receptor HEK 


DNA-binding protein SMBP2 


global transcription activator 


FMLP-related receptor 1 


transmembrane receptor rorl 


tyrosine kinase KDR receptor 


DNA-binding protein ICS 


thyroid hormone triiodothyronine receptor c-erbA ear-1 


CACCC-box DNA-binding protein 


tyrosine kinase receptor 


DNA-binding protein TAX 


tyrosine kinase receptor TKT 


prostaglandin E2 receptor 


epidermal growth factor receptor 


platelet-activating factor receptor 


tyrosine phosphatase receptor eph alt splice 1 


DNA-binding protein/plasminogen activator inhibitor- 1 regulator 


interferon gamma receptor 


DNA-binding protein CN sterol regulating 


v-erbA related ear-2 protein 


v-erbA related ear-3 protein I 


CCAAT displacement protein cut homolog alt splice 1 


basic transcription factor 44 kDa subunit 


DNA-binding protein APRF 


estrogen receptor hSNF2b 


urokinase-type plasminogen activator receptor 


Ets-like gene 


tyrosine kinase TRK-B receptor 


DNA-binding protein NFX1 cysteine-rich specific 


DP2 dimerization partner of E2F 


glia maturation factor beta 


DNA-binding protein TAXREB67 


cAMP-responsive element-binding protein ! 


tyrosine kinase EGF receptor Her4 


GeneBank # 


HG1972 


HG2094 


HG209 


HG2158 | 


HG244 


HG2480 


HG2490 ! 


HG2722 


HG277 | 


HG2811 


HG2869 


HG2892, X75208 


HG3183 


HG3314 


L25124 


HG1187 


HG1662 ! 


HG1830 


HG3428 


HG3446, A09781 


HG3463 


HG3509 


HG3510 | 


HG3548 


HG3748 


HG3957 


HG4002 


HG4196 


HG4269 


HG4279 


HG4574 


HG4579 


HG563 


HG753 


HG859, L05515 


HG898 i 
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j 




1 Position 


567-997 


1458-1731 


243-704 


36-384 


747-1154 


833-1113 


511-837 


476-861 


320-584 


198-622 


680-1071 


713-1028 


1746-1967 


1757-2152 


602-847 


205-397 i 


132-460 


1453-1891 


898-1283 


1905-2146 


1549-1970 


419-766 i 


982-1265 


615-957 


725-1098 


513-977 


338-570 


622-848 


600-990 


2063-2288 


1179-1370 


282-544 


1643-2015 


2054-2328 


3152-3421 


40-342 


Gene Name 


bone morphogenetic protein 2a 


bone morphogenetic protein 3 


Imacrophage inflammatory protein GOS19-1 


monocyte chemotactic and activating factor MCAF 


neuronal growth protein GAP-43 


oncostatin M 


amphireguiin AR 


insuline-like growth factor binding protein 1 


TNF-inducible hyaluronate-binding protein TSG-6 


heparin-binding vascular endothelial growth factor VEGF 


insuline-like growth factor binding protein 2 


ribonuclease/angiogenun inhibitor RAI 


bFGF receptor 


glycoprotein gp130 


nerve growth factor HBNF-1 


secreted protein I-309 


interleukin IL-11 


granulocyte colony-stimulating factor receptor G-CSFR1 


stem cell factor 


hepann-binding EGF-like growth factor j 


HGF (hepatocyte growth factor) 


keratinocyte growth factor j 


brain-derived neurotrophic factor BDNF 


growth/differentiation factor GDF-1 i 


C5a anaphylatoxin receptor 


T cell activation antigen CD27 


endothelin ET2 | 


interleukin IL-12 (NKSF p40) 


interleukin IL-12 (NKSF p35) 


Fas antigen 


interleukin 8 receptor alpha (IL8RA) 


NMB-R (neuromedin B receptor) 


hepatocyte growth factor-like protein 


AXL tyrosine kinase receptor f 


lymphocyte activation antigen CD30 


thymosin beta-10 


GeneBank # 


M22489 


M22491 


M23452 


M24545 


M25667 


M27288 


M30704 


M31145 


M31165 


M32977 


M35410 


M36717 


M37722 


M57230 


M57399 


M57502 


M57765 


M59818 


M59964 


M60278 | 


M60718 


M60828 I 


M61176 


M62302 


M62505 


M63928 


M65199 


M65290 


M65291 


M67454 


M68932 


M73482 


M74178 


M76125 1 


M83554 


M92381 
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1 Position 


1459-1748 


5090-1748 


1294-1712 


1760-1968 


1288-1604 


127-150 


LT> 
CD 
O) 
CNJ 

Oi 
CNJ 


1053-1381 


1514-1799 


1362-1713 


29-362 


272-304 


753-1189 


2007-2434 ; 


338-695 


333-740 


1165-1559 


280-613 


37-430 


16-254 


37-351 


522-955 


1810-2239 


156-186 


868-1173 


1131-1502 


112-416 


157-501 


1098-1371 


842-1244 


198-605 


230-533 


65-329 


329-657 


Gene Name 


connective tissue growth factor 


tyrosine phosphatase receptor zeta-polypeptide 


IDGF3 


RYK=related to receptor tyrosine kinase isolog 


VEGF receptor 


Duffy blood group antigen (Fya-b+) 


growth factor receptor tyrosine kinase STK-1 


interleukin 12 receptor component 


monocyte chemoattractant protein 1 receptor (MCP-1RA) alternatively 
spliced 


monocyte chemoattractant protein 1 receptor (MCP-1 RB) alternatively 
spliced 


FLT3/FLK2 ligand 


endothelial-monocyte activating polypeptide II 


keratinocyte growth factor receptor 


cysteine protease CPP32 isom alpha 


interleukin IL-15 


activin type I receptor ; 


VRP (vascular endothelial growth factor related protein) 


IFN-gamma-inducible chemokine IP-10 | 


CO 

c 

CO 
CD 
O 

u 
c 
o 

• 

o 
o 

» 

CL 

6 


MRP-14 (calcium binding protein in macrophages MIF-related) 


MRP-8 (calcium binding protein in macrophages MIF-related) | 


platelet-derived growth factor A chain PDGF-A 


leukemia inhibitory factor LIF 


interleukin IL-9 (P40) 


granulocyte-macrophage colony-stimulating factor receptor GM-CSFRa 


fibroblast growth factor FGF-1 1 


nerve growth factor NGF-2 (same as NT-3) 


macrophage inflammatory protein-2alpha (MIP2alpha) 


PIGF (placenta growth factor) 


interleukin 1 receptor type II | 


Cdw40 


beta-thromboglobulin-like protein I 


neutrophil-activating peptide ENA-78 


OX40 Iigand/gp34 


GeneBank # 


M92934 


M93426 


M96956 


S59184 


U01134 


U01839 


U02687 


U03187 


U03882 


U03905 


U04806 


U10117 


U11814 


U1 3737 | 


U 14407 


U14722 


U43142 


X02530 | 


X06182 


X06233 


X06234 | 


X06374 


X13967 


X17543 


X17648 


X51943 


X53655 


X53799 


X54936 


X59770 


X60592 


X72304 


X78686 
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1467-1817 


965-1175 


1069-1512 
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Imonocyte-derived neutrophil chemotactic factor MDNCF 


protein kinase C delta-type 


transcription factor E4TF1-47 


transcription factor E4TF1-60 


recA-like protein HsRad51 


alpha-catenin 


ld-1H 


transcription factor AREB6 


DAU-1 


sky Sky 
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ZFM1 protein 


ZFM1 protein alternatively spliced product 


transcriptional activator hSNF2a 


LIMK (LIM kinase) 
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natural killer cell enhancing factor (NKEFB) f 
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113-338 


1374-1638 


1 89-305 


2534-2802 


163-671 


K3275-3583 


11677-2107 


3861-4236 
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227-278 
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415-729 
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1454-755 
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824-1120 
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(paired box homeotic protein (PAX8) 


ERCC5 excision repair protein 


Iprotein serine/threonine kinase stkl 


protein serine/threonine kinase stk2 


14-3-3n protein 


octamer binding transcription factor 1 (OTF1) 


|S protein 


plasma membrane calcium ATPase isoform 2 (ATP2B2) 


guanine nucleotide regulatory protein (G13) 


Bax beta 


Rad 


calcium/calmodulin dependent protein kinase 
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nuclear factor l-X 


protein kinase (MLK-3) 


|CDC2-related protein kinase (PISSLRE) j 


RNA polymerase II elongation factor Sill p1 5 subunit 


autocrine motility factor receptor (AMFR) 


mas proto-oncogene 
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differentiation antigen (CD1 9) 


protein kinase C alpha-polypeptide (PKCA) 


differentiation antigen (CD33) 


prothymosin alpha (ProT-alpha) 


GTP-binding protein (RAB3A) 


GTP-binding protein (RAB4) 


GTP-binding protein (RAB6) 


GTP-binding protein (RAB2) 


GTP-binding protein (RAB3B) | 


GTP-binding protein (RAB5) 


MUC18 glycoprotein 


stem cell protein (SCL) 


myeloblastin 


GeneBank # 
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L20422 


L20433 
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2277-2685 


316-636 


2109-2466 


1729-1974 


53-354 


942-1299 


433-780 


561-843 


1226-1539 


443-789 
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vascular cell adhesion molecule 1 


endothelial leucocyte adhesion molecule I (ELAM1) 


Ku (p70/p80) subunit 
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|transcription factor (E2A) 


cyclic AMP response element-binding protein (HB16) 3' end 
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Ku protein subunit 


cell adhesion protein (SQM1) 


|N-cadherin 


active transcription factor CREB 


I transcription factor IID 


I DNA-repair protein (XRCC1 ) 


transducin beta-2 subunit 


transducin beta-1 subunit 3" end 


lymphoid-specific transcription factor 


sequence-specific DNA-binding protein (AP-2) 


E 

CL 

c 
o 

CL 

E 
9. 

JC 


B cell differentiation antigen 


cell adhesion molecule (CD44) 


neurofibromatosis protein type I (NF1) ; 


colorectal mutant cancer protein 


mitochondrial transcription factor 1 | 


transcription factor ETR103 


transcription factor ETR 1 01 I 


replication protein A 70kDa subunit 


bullous pemphigoid antigen 


transcriptional enhancer factor (TEF1) DNA 


cell adhesion molecule L1 (L1CAM) i 


HHR6A (yeast RAD 6 homologue) | 


dipeptidyl peptidase IV (CD26) 
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227-593 


549-873 


113-408 


946-1158 


790-1099 


643-1135 


882-1286 


98-355 


1057-1520 


1718-1945 
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1091-1450 
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930-1207 


1740-2143 
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Gene Name 


transcription elongation factor (Sll) 


[myeloid cell nuclear differentiation antigen 


S19 ribosomal protein 


NRL gene product 


nuclease-sensitive element DNA-bind'ng protein 


retinoid X receptor beta (RXR-beta) 


replication factor C 40-kDa subunit (A1) 


replication factor C 37-kDa subunit 


IIFN-responsive transcription factor subunit 


homeobox 21 protein (HOX2A) 


zinc finger transcriptional regulator 


FLI-1 


follicle stimulating hormone receptor 


nucleobindin precursor 


B-cell specific transcription factor (BSAP) 


MAR/SAR DNA binding protein (SATB1) 


(region 7) homeobox protein (HOX7) 


5HT1 a=5-hydroxytryptamine receptor {transmembrane regions 5 and 6} 


transmembrane 4 superfamily protein (SAS) 


guanine nucleotide regulatory protein (NET1) 


guanine nucleotide regulatory protein (timi) 


clone ndf43 neu differentiation factor 


PAX3/forkhead transcription factor fusion \ 
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alpha palindromic binding protein ] 


tumor suppressor (LUCA- 1 ) 1 


transcription factor LSF j 


dioxin-inducible cytochrome P450 (CYP1B1) 
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FUSE binding protein 


p55CDC 
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voltage-gated calcium channel beta subunit 1 


mutant lymphocyte-specific protein tyrosine kinase (LCK) 1 
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epidermal growth factor receptor substrate (eps15) 
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M96824 
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CC 
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contactin 1 precursor (CNTN1) 


Nh-Alc 


R kappa B 


transcription factor LCR-F1 


(serine kinase 


melanoma differentiation associated (mda-6) 


JAK family protein tyrosine kinase JAK3 


nuclear factor NF45 


nuclear factor NF90 


I HOX A1 homeodomain protein (HOXA1) 


I epidermal growth factor receptor kinase substrate (Eds8i 
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I homoiog of Drosophila discs large protein isoform 1 fhdla-1) 
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sno oncogene snoN protein ski-related I 
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PI 20 antigen 


ZFX put transcription activator isoform 1 


proliferation-associated gene (pag) | 


MacMarcks 
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desmoglein 2 
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828-1183 


67-257 


2412-2783 


1226-1521 


451-744 


489-863 


1599-1942 


938-1239 
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853-1140 
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inhibin A-subunit 


[diazepam binding inhibitor 


Beta-2-adrenergic receptor 


dopamine d2 receptor 


growth hormone-dependent insulin-like growth factor-bindinq protein 


retinoic acid-binding protein II 


[alpha A1 adrenergic receptor 


serotonin receptor type 2 
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Icorticotropin-releasing factor-binding protein 
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761-1188 


2839-3101 


1325-1676 


1393-1666 


5847-6118 


521-856 


979-1311 


1561-1821 


1305-1506 


533-839 


2768-3054 


526-886 


444-662 


1295-1658 


7992-8326 


853-1129 


1241-1522 


396-682 


1588-1987 


480-789 


848-1123 


524-901 I 


2250-2680 


750-952 


3658-3952 


10056-10346 


755-1035 I 


989-1254 


1205-1456 


708-1064 


380-577 I 


460-740 


376-663 


617-897 


1611-1883 


423-683 


Gene Name 


N-myc oncogene protein 


retinoblastoma susceptibility 


|c-yes-1 


lyn, tyrosine kinase" 


L-myc protein 


Ifgr proto-oncogene encoded p55-c-fgr protein 


cyclin B 


protein kinase C (PKC) type beta I 


cAMP-dependent protein kinase subunit Rll-beta 


chaperonin (HSP60) 


protein-tyrosine kinase (JAK1) 


I growth arrest and DNA-damage-inducible protein (qadd45) 


cAMP-dependent protein kinase regulatory subunit Rl-beta 3' end 


cyclin E 


APCJ 


i-Hei 


extracellular signal-regulated kinase 2 


Sp2 protein 1 


Sp3 protein 


G ADD1 53=growth arrest and DNA-damage-inducible I 


cell death protein (RIP) 


putative src-like adapter protein (SLAP) I 


UNA-PK 


CDK inhibitor p19INK4d | 


cell adhesion kinase beta (CAKbeta) 


breast cancer susceptibility (BRCA2) 1 


cyclin G1 | 


cyclin G2 


cyclin A1 


N-ras 


heat shock protein hsp86 


cAMP-dependent protein kinase catalytic subunit type atoha (EC 271 37} I 
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ezrin 


heat shock protein HSP27 < 


GeneBank # 
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3787-4110 


508-780 


488-876 


754-1094 


806-1267 


865-1239 


2061-2463 


935-1200 


39-237 | 


3021-3283 


69-429 


638-1000 


1372-1701 


1009-1313 | 


5087-5382 


412-719 


272-637 | 


387-697 


1371-1661 


763-1107 


64-293 j 


1018-1413 


1444-1848 
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1407-1671 | 


4200-4447 


626-926 


1635-2003 


5113-5551 


Gene Name 


tyk2 non-receptor protein tyrosine kinase 


junD 


c-src-kinase 


ERK1 protein serine/threonine kinase 


ERK3 


FAST kinase 


beta-catenin 


NBK apoptotic inducer protein 


p35 cyclin-like CAK1 -associated protein j 


phosphatidylinositol 3-kinase 


lymphotoxin-beta 


protein kinase (JNK2) i 


tyrosine phosphatase (clone HFAP10) 


TNF receptor-1 associated protein (TRADD) 


bcl-2 


NIP1 (NIP1) 


NIP3 (NIP3) _J 


cysteine protease MCH2 isom beta (MCH2) 


BAK protein 


cysteine protease (ICEREL-II) 


A1 protein 


JNK3 alpha2 protein kinase (JNK3A2) 


inhibitor of apoptosis protein 1 I 


inhibitor of apoptosis protein 2 


X-linked inhibitor of apotosis protein XIAP 


cysteine protease ICE-LAP6 


Apo-2 ligand 


apoptotic cysteine protease Mch4 (Mch4) 


apoptotic cysteine protease Mch5 isom alpha (Mch5) 


interferon regulatory factor 1 


FAN protein 


WSL-LR WSL-S1 and WSL-S2 proteins 


homeobox HOX 4A homeodomain protein 


Tob 


phospholipase C 


zinc-finger DNA-binding protein 
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15 



Mouse Array 

In the mouse array according to the subject invention, all of the unique 
polynucleotide probe compositions will correspond to a mouse gene of interest. Mouse genes 
that are represented on the array are key genes, by which is meant that they have been 
reported to play primary roles in a variety of different biological processes. Typically the 
mouse genes represented on the array are genes that are under tight transcriptional control. 
Genes of interest that may be represented on the array include: oncogenes, cell cycle genes, 
apoptosis genes, growth factor genes, cytokine genes, interleukin genes, receptor genes, and 
genes associated with different stages of embryonic development. 

In certain embodiments, of particular interest is an array having the following types 
of genes represented on its surface: oncogenes & tumor suppressors; cell cycle regulators; 
stress response proteins; ion channel & transport proteins; intracellular signal transduction 
modulators & effectors; apoptosis-related proteins; DNA synthesis, repair & recombination 
proteins; transcription factors & general DNA binding proteins; growth factor & chemokine 
receptors; interleukin & interferon receptors, hormone receptors; neurotransmitter receptors; 
cell-surface antigens & cell adhesion proteins; interleukins & interferons; cytoskeleton & 
motility proteins; and protein turnover. In a specific mouse array of interest, the spots are as 
listed in Table 2. 

The mouse array of the subject invention finds use in a variety of different 
applications, where such applications include: profiling differential gene expression in 
transgenic knockout mice or other experimental mouse models; investigating processes such 
as embryo genesis and tumorigenesis; discovering potential therapeutic and diagnostic drug 
targets; and the like. 
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Gene Name 


MmRad51; yeast DNA repair protein Rad51 and E coli RecA homoloaue 


lnterleukin-8 receptor 


Catenin alpha 


BST-1; lymphocyte differentiation antigen CD38 


Oncostatin M 


C5A receptor 


Heparin-binding EGF-like growth factor (Diphtheria toxin receptor) 


Fms-related tyrosine kinase 3 Flt3/Flk2 lipand 


CD27; lymphocyte-specific NGF receptor family member 


Fibroblast growth factor receptor Basic (b FGF-R) 


Granulocyte colony - stimulatings factor receptor 


Growth/ diffferentiation factor 1 (GDF-1) (TGF- beta family) 


PKC-delta; protein kinase C delta type 


GA binding protein beta-2 chain 


CD 40L receptor (TNF receptor family) 


Fasi receptor (Fas antigen, Apo-1 antigen) 


Interleukin 12 (p40) beta chain 


Vascular endothelial growth factor (VEGF) 


Interleukin 11 (adipogenesis inhibitory factor) 


Interleukin 15 


LIMK; LIM serine/threonine kinase 


DAD-1 ; defender against cell death 1 


CD 30L receptor ( Lymphocyte activation antigene CD 30, Ki-1 antiqene) 


Mast cell factor 


C-C chemokine receptor (Monocyte chemoattractant protein 1 receptor 
(MCP-1RA) 


Leukemia inhibitory factor (LIF) (cholinergic differentiation factor) 


intercellular adhesion molecule-1 


Interleukin- 1 receptor type II 


Corticotropin releasing factor receptor 


Hepatocyte growth factor (hepapoitein) 


Keratinocyte growth factor FGF-7 


Activin type I receptor 


GenBank # 


D13473 


D17630 


D25281 


D31788 


D31942 


L05630 


L07264 


U04807 


L24495 


M28998 


M58288 


M62301 


M69042 


M74517 


M83312 


M83649 


M86671 


M95200 


U03421 


U14332 


U15159 


U83628 


U25416 


U44725 


U56819 


X06381 


X52264 


X59769 


X72305 | 


X72307 


Z22703 


IZ31663 ! 
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2713-2930 I 
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2057-2377 i 


1456-1728 


984-1304 
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412-748 


900-1183 
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680-1011 1 
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Transcription factor TF II D 


ZO-1; Tight junction protein; discs-large family member, partially 
homologous to a dlg-A tumor suppressor in Drosophila/ 


tHCC5 excision repair protein; DNA-repair protein complementing XP-G 
cells (XPG) 


Bax; Bcl-2 heterodimerization partner and homologue 


B7-2; T lymphocyte activation antigen CD86; CD28 antigen ligand 2, B7-2 
antigen; alternative CTLA4 counter-receptor 


Nh2; Merlin (moesin-ezrin-radixin-like protein); shwannomin, murine 
neurofibromatosis type 2 susceptibility protein 


Pim-1 proto-oncogene 


Egr-1 Zn-finger regulatory protein 


PKC-alpha; protein kinase C alpha type 


CD44 antigen 


T-lymphocyte activated protein 


Neuronal-cadherin (N-cadherin) 


A I K-dependent DNA helicase II 70 kDa subunit; thyroid Ku (p70/p80) 
autoantigen p70 subunit; p70 Ku) 


G13; G-alpha-13 guanine nucleotide regulatory protein 


Transcription factor RelB 


Vascular cell adhesion protein 1 


ERCC3 DNA repair helicase; DNA-repair protein complementing XP-B cells 
(XPBC) 


CRE-BP1; cAMP response element binding protein 1 


XRCC1 DNA-repair protein, affecting ligation I 


Nuclear hormone receptor ROR-ALPHA-1 | 


14-3-3 protein eta | 


Prothymosin alpha 


PAX-8 (paired box protein PAX 8) 


CamK IV; Ca2/caImodulin-dependent protein kinase IV (catalytic chain) 


ATP-dependent DNA helicase II 80 kDa subunit; thyroid Ku (p70/p80) 
autoantigen p80 subunit; p80 Ku) 
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Nmif3-M2; nucleoside diphosphate kinase B; metastasis-reducing protein; 
c-myc-related transcription factor 


GenBank # 


D01034 


D14340 


D 16306 


L22472 


L25606 


L27105 


M13945 


M20157 


M25811 


M27129 


M31042 


M31131 


M38700 


M63660 


M83380 


M84487 


S71186 


S76657 


U02887 


U53228 


U57311 


X56135 


X57487 


X58995 


X66323 
X67812 '2 

X68193 
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Gene Name 


IMAKKK6; MAP kinase kinase 6(dual specificity) (MKK6) 


UNA polymerase alpha catalytic subunit (pi 80) 


Caspase-3; Neda* cysteine protease (positive regulator of programmed 
cell death ICH-1 homologue) 


HSU-yb/SAH9UA 


[Angiotensin-converting enzyme (ACE) (clone ACE.5.) 


Uusierm; complement lysis inhibitor; testosterone-repressed prostate 
message 2; apolipoprotein J; sulfated glycoprotein-2 


Adipocyte differentiation-associated protein 


epidermal growth factor receptor kinase substrate EPS8 


Jak3 tyrosine-protein kinase; Janus kinase 3 


Desmocollin 2 


biaib; signal transducer and activator of transcription 6; IL-4 Stat* STA6 


Lymphocyte-specific tyrosine-protein kinase LCK 


cHA-1 Protein (EHA-1-993) 


Homeo Box protein 2. 1 (Hox-2. 1 ) 


Zinc finger X-chromosomal protein (ZFX) 


WT1; Wilms tumor protein; tumor suppressor 


Tnstetraproline 


Nucleobindin 


i PAX-5 (B cell specific transcription factor) 


H-Nghz; interteron-gamma receptor second (beta) chain; interferon gamma 
receptor accessory factor-1 (AF-1) 


Transcriptional enhancer factor 1 (TEF-1) 


Transcription factor NFAT 1 , isoform alpha 


DNA-binding protein SATB1 


uuMb3; calcium channel (voltage-gated; dihydropyridine-sensitive; L-type) 
beta-3 subunit) 


p57kip2; cdk-inhibitor kip2 (cyclin-dependent kinase inhibitor 1B) member 
of the p21CIP1 Cdk inhibitor family; candidate tumor suppressor oene 


snoN; ski-related oncogene 


Homeo Box protein 7.1 (Hox-7.1) ] 


Neuronal cell surface protein F3 ! 


GATA-3 transcription factor ^ | 
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Gene Name 


YB1 DNA binding protein 


Dipeptidyl peptidase iv 


Fli-1 ets-related proto-oncogene 


RXR-beta cis-1 1-retinoic acid receptor 


C3H cytochrome P450; Cyp1b1 


Ubiquitin-conjugating enzyme, yeast Rad6 homologue; murine HR6B 


Relaxin 


Transcription factor LIM-1 


DNA topoisomerase I (Top I) 


DNA topoisomerase II (Top II) 


(3Sf Pi 1; glutathione S-translerase Pi 1; preadipocyte growth factor 


Glutathione S-transferase A 


Glutathione S-transferase Mu 1 


c-Abl proto-oncogene 


A-Raf proto-oncogene 
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o 
c 
o 

6 
o 

CL 

CO 

6 


Retinoic acid binding protein I! cellular (CRABP-II) 


Cyclin D2 (G1/S-specific) 


Cyclin D3 (G1/S-specific) 


5-Hydroxytryptamine receptor [Serotonin receptor type 2 (5HT2)] 


Cyclin D1 (G1/S-specific) 


Pur-alpha transcriptional activator; sequence-specific ssDNA-binding 
protein 


Cdc25a; cdc25M1; MPI1 (M-phase inducer phosphatase 1) 


ERCC-1; DNA excision repair protein 


c-rel proto-oncogene 


inhibin alpha subunit 


Glutathione reductase 


Insulin-like growth factor binding protein-3 (IGFBP-3) j 


Cyclin A (G2/M-specific) 


Preproglucagon 


NF-kB p65; NF-kappa-B transcription factor p65 subunit; rel-related 
polypeptide 


PKC-theta; protein kinase C theta type 


VLA-3 alpha subunit 


GenBank # 


X57621 


X58384 


X59421 


X66224 


X78445 


X96859 


Z27088 


Z27410 


D10061 


D12513 


D30687 


J03958 


J04696 


L10656 


M13071 


M17031 


M35523 


M83749 


U43844 


S49542 


S78355 


U02098 


U27323 


X07414_ 


X15842 


X69618 


X76341 


X81581 


Z26580 


Z46845 


M61909 


D11091 


ID13867 | 
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I Array Coordinate 
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Gene Name 


NADPH-cytochrome P450 reductase 


Beta-protachykinin a 


Wee1/p87; cdc2 tyrosine 15-kinase 


Protein tyrosine phosphatase 


Jun-D; c-jun-related transcription factor 


Integrin alpha 7 


(iadd45; growth arrest and DNA-damage-inducible protein 


dcl-xL apoptosis regulator (bcl-x long); Bcl-2 family member 


N-myc proto-oncogene protein 


cAMP-dependent protein kinase type l-beta regulatory chain 


IRF1; interferon regulatory factor 1 


HSP86; heat shock 86kD protein 


LhAl -alpha; integrin alpha L; leukocyte adhesion glycoprotein LFA-1 alpha 
chain; antigen CD11A (p180) 


APC; Adenomatous Polyposis Coli protein 1 


Udc25b; cdc25M2; MPI2 (M-phase inducer phosphatase 2) 


PI3-K p1 10; phosphatidylinositol 3-kinase catalytic subunit 


HSP27; heat shock 27kD protein 1 


Csk; c-Src-kinase and negative regulator 


hasi; has antigen ligand; generalized lymphoproliferation disease gene 
(gld) in mice 


MAPK; MAP kinase; p38 


p1 9ink4; cdk4 and cdk6 inhibitor | 


Elf-1 Ets family transcription factor 


CRAF1; TNF receptor (CD40 receptor) associated factor; TRAF-related 


5PI3; serpin; similar to human proteinase inhibitor 6 (placental thrombin 
inhibitor) serine proteinase inhibitor 


RIP cell death protein; Fas/APO-1 (CD95) interactor, contains death 
domain 


SLAP; src-like adapter protein; Eck receptor tyrosine kinase-associated 


Atm; ataxia telangiectasia murine homoloque 


bbi APC-bindmg protein 


i ank; I- 1 HAh; I RAF family member associated NF-kB activator i 


GenBank # 


D17571 


D17584 


D30743 


D83966 


J05205 


L23423 


L28177 


L35049 


X03919 


M20473 


M21065 


M36830 


M60778 


M88127 


S93521 


U03279 


U03560 


U05247 


U06948 


U10871 


U19597 


U19617 


U21050 


U25844 


U25995 


U29056 


U43676 


CO 
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IU51907 | 
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[Gene Name 


Epidermal growth factor (EGF) 


Erythropoietin receptor 


I Insulin receptor 


p53; tumor suppressor; DNA-binding protein 


Cf2r; coagulation factor II (thrombin) receptor 


PTPRG; protein-tyrosine phosphatase gamma 


DNA-binding protein SMBP2 


lnterleukin-1 0 receptor 


lnterleukin-2 receptor gamma chain 


Bone morphogenelic protein 1 


Uromodulin 


1 hrombopoietm 


I ranstorming growth factor beta 


Granulocyte colony- stimulating factor (G-CSF) 


Neuroleukin 


Insulin-like growth factor-2 (somatomedin A) | 


interleukin 1 beta j 


c-myb proto-oncogene protein 


Tumor necrosis factor beta TNF-beta (Lymphotoxin-alpha) 


lnterleukin-1 receptor 


CSF-1 ; M-CSF; colony stimulating factor-1 


lnterleukin-4 receptor (membrane-bound form) 


Interferon-gamma receptor 


lnterleukin-7 receptor 


Gamma interferon induced monokine (MIG) ! 


Interleukin 10 j 


NF-kappa B binding subunit (nuclear factor) (TFDB5) I 


Tumor necrosis factor receptor 1 ; TNFR-1 


HUCaPHa; platelet-derived growth factor alpha-receptor 


lnterleukin-9 receptor ~T 


iNOSI; nitric oxide synthase (inducible) i 


Interferon alpha-beta receptor I 


Activating transcription factor 4 (mATF4) I 


Beta2-RAR; retinoic acid receptor beta-2 I 


Tie-2 proto-oncogene 


GenBank # 


J00380 


J04843 


J05149 


K01700 


L03529 
L09562 


L10075 


L12120 


L20048 


L24755 


L33406 


L34169 


M13177 


M13926 


M14220 


M14951 


M15131 


M16449 


M16819 


M20658 


X05010 


M27959 


M28233 


M29697 


M34815 


M37897 


M57999 


M59378 


M84607 


M84746 


M87039 


M89641 


M94087 


0999SS 


IS67051 j 
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Position 


552-882 


1407-1629 I 


3519-3722 


2553-2830 I 


91-379 


627-805 I 


1229-1543 


718-976 i 


368-675 i 


452-791 I 


514-740 I 


622-1020 I 


565-945 


825-1059 I 


917-1281 


951-1238 j 


581-855 I 


642-901 


230-616 I 


1400-1655 I 


1284-1583 


960-1341 I 


1010-1320 


1144-1541 


404-772 


2255-2491 I 


1059-1384 


CM 

cn 
up 

TJ- 

CM 


1027-1304 


1052-1292 ! 


30-269 


927-1219 


4179-4505 I 


1079-1375 


Array Coordinate 


A6n 


E2k 


F6a 


F5m 


F1k 


C4b 


B5e 


D4I 


UJ 
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A3f 


F7e 


CD 

O 


C4d 


D3b 


A2i 


F7I 


F3I 


A6m 


E4I 
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E4m 


B2k 
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E4b 


D7k 


F7a 


F2f 


B2f 


C1d 


Gene Name 


CdkS; cyclin-dependent kinase 5 


TGF-beta receptor type 1 


Kinesin like protein KIF 3B 


Kinesin family protein KIF1 A 


Fibroblast growth factor 9 


Neuronal death protein 


Syp; SH-PTP2; adaptor protein tyrosine phosphatase 


Interferon regulatory factor 2 (IRF 2) 


Lamimin receptor 1 


NF-1B protein (transcription factor) 


Jun-B; c-jun-related transcription factor 


Tissue plasminogen activator 


Homeo Box protein 4.2 (Hox-4.2) 


Nur77 early response protein; thyroid hormone (TR3) receptor 


Ets-2 transcription factor 


c-Jun proto-oncogene (transcription factor AP-1 component) 


Serine protease inhibitor homolog J6 


Nerve growth factor beta (beta-NGF) 


Cdk4; cyclin-dependent kinase 4 


Acetylcholine receptor delta submit 


MAPKK1; MAP kinase kinase 3 (dual specificity) (MKK1) 


GABA-A transporter 4 


GABA-A transporter 3 


Vegfrl ; Vascular endothelial growth factor receptor 1 / Fms-related tyrosine 
kinase 1 (FItl) 


Adrenergic receptor, beta 1 


Eph3 (Nuk) tyrosine-protein kinase receptor 


MTJ1 ; DnaJ-like heat-shock protein from mouse tumor 


TIMP-3 tissue inhibitor of metalloproteinases-3 


Insulin receptor substrate- 1 (IRS-1) 


YY1 (UCRBP) transcriptional factor 


Interleukin-converting enzyme (ICE) 


Hepatoma transmembrane kinase ligand 


! Voltage-gated sodium channel 


Bad; heterodimeric partner for Bcl-XL and Bcl-2; promotes cell death 


GenBank # 


ID29678 


|D25540 


|D26077 


ID29951 


D38258 


[D83698 


|D84372 


J03168 


(J02870 


D90176 


IJ03236 j 


|J03520 


[J03770 


J04113 


J04103 


IJ04115 


|J05609 


|K01759 


|L01640 


K02582 


L02526 


L04662 


L04663 


L07297 


L10084 


|L25890 


|L16953 


|L19622 


L24563 


L13968 


L28095 


L38847 


L36179 


IL37296 
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1 Position 1 


1205-1578 


1429-1759 ! 


2150-2490 


328-644 


1235-1524 


1973-2365 


749-1013 


1415-1668 


5126-5430 


1667-2064 


515-834 


541-823 


981-1288 


970-1321 


826-1065 


423-681 


1229-1591 


1477-1769 


1933-2271 


2037-2285 


1436-1742 


503-807 


578-896 


729-1042 


610-884 ! 


1982-2216 


527-861 I 


3784-4021 


1625-1911 


3895-4227 


Array Coordinate 
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C2i 
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Gene Name 


Dvl2; dishevelled-2 tissue polarity protein 


Nuclear factor related to P45 NF-E2 


MSH2 DNA mismatch repair protein; MutS homologue 2 


Gaplll; GTPase-activating protein 


Syk tyrosine-protein kinase (activated p21cdc42Hs kinase (ack)) 


p107; RBL1; Retinoblastoma gene product-related protein p107 (cell cycle 
regulator) 


PMS2 DNA mismatch repair protein; yeast PMS1 homolog 2 


Limphotoxin receptor (TNFR family) 


BRCA1; Breast/ovarian cancer susceptibility locus 1 product 


Pml; Murine homologue of the leukemia-associated PML gene 


Transducin beta-2 subunit 


l-kB (l-kappa B) alpha chain 


TRAIL; TNF-related apoptosis inducing ligand; Apo-2 ligand 


p130; Retinoblastoma gene product-related protein Rb2/p130 (cell cycle 
regulator) 


CACCC Box- binding protein BKLF 


FAF1; Fas-associated protein factor, apoptosis activator 


Zinc finger transcription factor RU49 


GTBP; G/T-mismatch binding protein; MSH6 


PLC beta; phospholipase C beta 3 


Frizzled-3; Drosophila tissue polarity gene frizzled homologue 3; 
dishevelled receptor 


M A PJ<K 3 L MAP kinase kinas e 3 (dual specificity) (MKK3, MEK3) 


Myeloblastin; trypsin-chymotrypsin related serine protease | 


Zinc finger Kruppel type Zfp 92 


TDAG51; couples TCR signaling to Fas (CD95) expression 


POU domain, class 2, associated factor 1 


Cas; Crk-associated substrate; focal adhesion kinase substrate I 


ALG-2; calcium binding protein required for programmed cell death I 


Unconventional myosin VI 


Transcription factor CTCF (1 1 zinc fingers ) ! 


Transcription factor C 1 


GenBank # 


U24160 


U20532 


U21011 


U20238 


U25685 


U27177 


U28724 


U29173 


U31625 


U33626 
U34960 


U36277 


U37522 


U36799 


U36340 


U39643 


U41671 


U42190 


U43144 


U43205 
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U47104 


U44088 


U43788 


U48853 


U49112 


U49739 


U51037 


IU53925 I 
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F7c 


A3a I 


D2h 1 
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ESI 


D7e 
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CD 


C2c 
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Gene Name 


Vav; GDP-GTP exchange factor; proto-oncogene 


PAX-6 (paired box protein) 


o 

0) 
CL 
CO 

1 

o 

CSJ 

CD 
c 
~6 

Of 


ChopIO; murine homologue of Gadd153 (growth arrest and DNA-damage- 
inducible protein) 


PD-1 possible cell death inducer; Ig gene superfamily member 


Inhibin beta A subunit (TGF beta family) 


vegrrz; KUK/llkl vascular endothelial growth factor tyrosine kinase 
receptor 


Protease nexin 1 (PN-1) 


MRE-binding transcription factor 


Activator -1 140 KD subunit (replication factor C 140KD) 


DP-1 (DRTF-polipeptide 1) cell cycle regulatory transcription factor 


5-Hydroxytryptamine (serotonin) receptor 1c 


Gelatinase B 


XPAC; xeroderma pigmentosum group A correcting protein 


Integrin alpha 2 (CD49b) 


Growth/ diffferentiation factor 2 (GDF-2) 


Insulin-like growth factor binding protein-4 (IGFBP-4) 


Insulin-like growth factor binding protein- 1 (IGFBP-1) 


iCihBP-2; insulln-Nke growth factor binding protein 2; autocrine and/or 
paracrine growth promoter 


Insulin-like growth factor binding protein-5 (IGFBP-5) i 


Insulin-like growth factor binding protein -6 (IGFBP 6) 1 


A-myb proto-oncogene; myb-related protein A 


Membrane type matrix matalloproteinase 


fclk-1 ets-related proto-oncogene 


L2F-5 transcription factor 


Lbx 1 transcription factor 


P-selectin (glycoprotein ligand-1) T 


Transcription factor SEF2 [ 


Macrophage mannose receptor 


Rab-2 ras-related protein 


uiuthatnione s-transferase (theta typel); phase II conjugation enzvme 


Zyxin; LIM domain protein; alpha-actinin binding, protein 


GenBank # 


X64361 


X63963 


X66032 


X67083 


X67914 


X69619 


X70842 


X70296 


X71327 


X72711 


X72310 


X72230 


X72795 


X74351 


X75427 


X77113 


X81582 


X81579 


X81580 


X81583 


X81584 


X82327 


X83536 


X87257 


X86925 


X90829 


X91144 


X91753 


Z11974 


X95403 


X98055 


I G9066XI 
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Position | 


3646-3933 | 


2867-3181 


723-973 1 


180-516 I 


1463-1806 I 


530-774 I 


588*940 


1047-1324 I 


460-817 | 


1561-1772 


1256-1600 


764-1053 | 


2431-2708 | 


1267-1521 ( 


1211-1595 


2269-2628 


1702-1930 


2376-2775 


108-469 


215-555 I 


1-328 | 


1307-1672 | 


119-445 


625-969 I 


1131-1416 I 


788-1139 


783-1171 | 


81-379 ] 


1701-2014 


[750-1027 [| 


1388-1682 I 


|504-837 | 
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Gene Name 


Met protooncogene 


c-Kit proto-oncogene (mast/stem cell growth factor receptor tyrosine 
kinase) 


Transcription factor BARX1 (homeodian transcription factor) 


PLC gamma; phospholipase C gamma J 


Stromelysin-3; matrix metalloproteinase-1 1 (MMP-1 1) 


5-Hydroxytryptamine (serotonin) receptor 1e beta 


5-Hydroxytryptamine (serotonin) receptor 2c 


Low density lipoprotein receptor 


5-Hydroxytryptamine (serotonin) receptor 7 ] 


c-MpI; thrombopoietin receptor; hematopoietic growth factor receptor 
superfamily member 


DNA-polymerase delta catalytic subunit 


Follistatin 


Cyclin F (S/G2/M-specific) 


Ets-related protein Sap 1 A 


Net; ets related transcription factor; activated by Ras 


StatSa; mammary gland factor 


Hek2 murine homologue; Mdk5 mouse developmental kinase; Eph -related 
tyrosine-protein kinase receptor 


D-Factor/LIF receptor 


Cytoskeletal epidermal keratin (14 human) 


R-ras protein, closely related to ras proto-oncogenes 


Prolactin receptor PRLR2 


Blk; B lymphocyte kinase; Src family member 


Macrophage inflamatory protein 1 beta (Act 2) 


Alpha-1 protease inhibitor 2 


GABA-A transporter 1 


Bone morphogenetic protein 8a (BMP-8a) (TGF-beta family) 


Erythroid kruppel-like transcription factor 


GATA binding transcription factor (GATA-4) 


Growth factor receptor 


Crk adaptor protein 


|Retinoid X receptor interacting protein (RIP 15) 


Cek 7 receptor protein tyrosine kinase ligand 


1 GenBank # 


IY0O671 


Y00864 


Y07960 


1X95346 


Z12604 


Z14224 


Z15119 


Z19521 


Z23107 


Z22649 


Z21848 ! 


Z29532 
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Z32815 


IZ48538 


Z49086 
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Position | 


168-495 


1527-1816 I 


464-728 


1308-1563 I 


1418-1737 I 


1026-1266 | 


167-411 I 


584-867 


325-653 I 


1846-2145 


604-899 


1509-1786 


437-783 i 


649-922 | 


2980-3205 


1040-1280 


452-777 I 


482-774 


408-688 


444-729 


232-562 S 


180-487 S 


742-1060 ] 


1011-1319 ! 


1675-1982 I 


1041-1296 | 


1237-1517 


446-713 I 


251-507 | 


1476-1811 I 


1951-2219 
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Gene Name 


C-C CKR-t ; CCR-1; C-C chemokine receptor type 1, macrophage 
inflammatory protein-1 alpha receptor; MIP-1alpha-R; RANTES-R 


Glucocorticoid receptor form A 


Mothers against DPP protein (mad homolog Smad 1, transforming growth 
factor beta signaling protein) 


Hck tyrosine-protein kinase 


Photolyase/blue-light receptor homologue 


Osp94 osmotic stress protein; APG-1; hsp70-related 


Glucose regulated protein, 78kD; Grp78 


LCR-1; CXCR-4; CXC (SDF-1) chemokine receptor 4; HIV coreceptor 
(fusin); G protein-coupled receptor LCR1 homologue; 


Glucose transporter- 1, erythrocyte; Gluti 


lnt-3 proto-oncogene; NOTCH family member; NOTCH4 


c-Akt proto-oncogene; Rac-alpha; proteine kinase B (PKB) 


Bak apoptosis regulator; Bcl-2 family member 


PS-2; homologue of the Alzheimer's disease gene 


BRCA2; Breast cancer susceptibility locus 2 product 


DNA ligase III 


Caspase-7; Lice2; ICE-LAP3 cysteine protease 


BID; apoptic death agonist 


WBP6; pSK-SRPK1; WW domain binding protein 6 serine kinase for SR 
splicing factors 


u 
o 

CD 
CL 
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Si 
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c 
73 
O 


Unq1; uracil-DNA glycosylase 


|Rab-3b ras-related protein 


Inhibitor of the RNA-activated protein kinase, 58-kDa 


[Golgi 4-transmembrane spanning transporter; MTP 


ATP-binding casette 8; ABC8; homolog of Drosophila white 


CDC42 GTP-binding protein; G25K 


Etoposide induced p53 responsive (EI24) mRNA 


|Casein kinase II (alpha subunit) 


|TSG101 tumor susceptibility protein 


ITumor suppressor maspin 


FLIP-L; apoptosis inhibitor; FLICE-like inhibitory protein 


CamK II; Ca2+/calmodulin-dependent protein kinase II (beta subunit) 


iGenBank # 


U29678 


X 13358 


X83106 


Y00487 


AB000777 


D49482 


D78645 


D87747 


M23384 


M80456 


M94335 


Y13231 


U57324 


U65594 


U66058 


U67321 


U75506 


U92456 


U95826 


X99018 


Y14019 


U28423 


U34259 


U34920 


U37720 


U41751 


U51866 


IU52945 


U54705 
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X63615 
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Gene Name 


Htk; Mdk2 mouse developmental kinase; Eph -related tyrosine-protein 
kinase receptor 


Glial cell line-derived neurotrophic factor 


CD31 (Platelet endothelial cell adhesion molecule 1) 


CD22 antiaen 


CM 

\& 
ia 


Cvtotoxic T Ivmphocvte-specific serine protease CCP I gene (CTLA-1 ) ( 


Cathepsin B 


Growth hormone receptor 


OD28 (receptor for B71) 


Fstrnnen receptor I 


Monotype chemoattractant protein 3 


CD45 associated protein (CD 45-ap, LSM-1) 


Orphan receptor 


Cannabinoid receptor 1 (brain) 


Dystroglycan 1 


rVprotein coupled receptor 


Urokinase type plasminogen activator 


CTLA-4 (immunoqlobin superfamily member) 


Myogenic factor 5 


uPAR1: urokinase plasminogen activator surface receptor (CD87) 


Serine protease inhibitor 2.4 


SRY-box containing gene 4 


Bone morDhoqenetic protein 2 (BMP-2) (TGF-beta family) 


lfK0258B] P-1-450; dioxin-inducible cytochrome P450 


Bcl-2: B cell lymphoma protein 2, apoptosis inhibitor 


ICD14 antigen 


Somatostatin receptor 2 


Dopamine receptor 4 


I Cannabinoid receptor 2 (macrophage, CB2) 


I Erf (Ets-related transcription factor) 


5-Hvdroxytryptamine (serotonin) receptor 1b 


I Tob antiproliferative factor; interacts with p185erbB2 


Glutathione S-transferase (microsomal) 


Adenosine A3 receptor 


lGenBank# l< 


Z49085 1 


D49921 < 


L06039 V 


L16928 


L39770 


M12302 


M14222 


M33324 


M34563 


M38651 


S71251 


U03856 


U11688 


U17985 


U43512 


U46923 


X02389 


X05719 


X56182 


X62700 


X69832 


X70298 


L25602 


M10021 IK02 


M16506 


M34510 


M81832 


U19880 


U21681 


U58533 


Z11597 


D78382 


J03752 


L20331 
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Table 2 (cont) 
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750-1026 j 
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1040-1301 


768-1054 


1548-1754 j 


877-1237 | 


1085-1367 I 


1-241 j 


1558-1789 | 


898-1193 I 


572-907 j 


1080-1318 I 


92-303 


2828-3066 j 


727-1080 I 


1704-1929 


1445-1640 | 


3222-3433 | 


913-1232 I 


212-443 I 


696-956 I 


103-434 


581-781 
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Gene Name 


p55cdc; cell division control protein 20 j 


AP endonuclease; apurinic/apyrimidinic endonuclease (Apex) 


Mas proto-oncogene (G-protein coupled receptor) I 


AT motif -binding factor ATBF1 j 


HMG-box transcription factor from testis (MusSox17) I 


Ikaros DNA binding protein | 


Early B cell factor (EBF) 


Engrailed protein (En-1) homolog 


Engrailed protein (En-2) homolog 


Transcription factor A10 


Myocyte nuclear factor (MNF) 


Basic domain/leucine zipper transcription factor 


Caudal type Homeobox 1 (Cdx1 ) 


Butyrate response factor 1 


Brain specific transcription factor NURR-1 


Brn-3.2 POU transcription factor 


Caudal type Homeobox 2 (Cdx2) 


Erythroid transcription factor NF-E2 


Gut-specific Kruppel-like factor GKLF 


KruppeMike factor LKLF 


Neuronal helix-loop-helix protein NEX-1 


Brain factor 1 (HfhbM) 


Split hand/foot gene 


Sim transcription factor 


Glial cells missing gene homolog (mGCM1) 


Sp4 zinc finger transcription factor 


Heat shock transcription factor 2 (HSF 2) 


RNA polymerase I termination factor TTF-1 


Hepatocyte nuclear factor 3/forkhead homolog 8 (HFH-8) 


SRY-box containing gene 3 (Sox3) 
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HR21spA; protein involved in DNA double-strand break repair; PW29; 
calcium-binding protein 


MmLim15; RecA-like gene; DMC1 homologue; meiosis-specific 
homologous recombination protein 


iGenBank # 


IU05341 


IU12273 | 


X67735 ! 


D26046 


D49474 


L03547 


L12147 


IL12703 


L12705 


L21027 


L26507 


L36435 


M37163 


IM58566 


IS53744 


S68377 


S74520 


U01036 


U20344 


U25096 


U29086 


IU36760 


U41626 


IU42554 


U59876 


U62522 


1X61754 


1X83974 


IL35949 


1X94125 


ID13759 


D49429 


D64107 
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ERp72 endoplasmic reticulum stress protein; protein disulfide isomerase- 

related nrotein _ 


wh^i.roiaiPd VDJ recombination signal binding protein 


rcii nnmnpnp: ?inc finaer transcription factor 


Thm-i invasion inH.irinn nrotein: GDP-GTP exchanger-related 


eji,. c rr . rp jo|pr1 intPRtinal kinase 


1 ir nroto-onmnene 


Oxidative stres«-«ndiir:ed protein mRNA 


qTAM- sinnal tran*Hi irinn adaptor molecule 


Qhrn aHantnr- She-related: brain-specific i 


MmMre11a nutate endo/exonuclease 


PCna- nnlifpratinq cell nuclear antiaen; processivity factor 


Tmnslin- recombination hotspot binding protein 


PA6 stromal protein; RAG1 gene activator 
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nhosnholinaRfi A2 


f 1 « — — — 
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Cancer Array 

In the cancer arrays of the subject invention, the polynucleotide probe compositions 
on the array correspond to those genes which are associated, e.g. play a role in, cellular 
proliferative diseases, particularly cancer, where human genes are of particular interest in 
5 many embodiments. Types of genes that are typically represented on a cancer array of the 
subject invention include: oncogenes, tumor suppressors, cell cycle regulators, genome 
plasticity genes, apoptosis genes, cell differentiation genes, regulators of tumor host 
interaction and metastasis, such as extracellular matrix proteins, cell adhesion receptors, 
molecules that control cell invasion and motility, and genes associated with angiogenesis. 

1 0 In certain embodiments, of particular interest is an array having the following types 

of genes represented on its surface: cell cycle/growth regulators; apoptosis; growth 
factors/cytokines; oncogenes/tumor suppressors; cell adhesion, motility and invasion; 
invasion regulators; GTP ases and their regulators; cadherins; intermediate filament markers; 
receptors; cell fate/development regulators; DNA damage/response/repair/ recombination; 

1 5 and angiogenesis regulators. In a specific cancer array of interest, the spots are as listed in 
Table 3. 

The cancer array finds use in a variety of applications, including: monitoring cellular 
responses to therapeutic compounds; comparing expression profiles of tumors at different 
developmental stages; developing diagnostic tools for distinguishing closely related tumors; 
20 and the like. 

In the following Table 3, as well as preceding Tables 1 and 2, the "position" 
coordinate refers to the actual nucleotide residues of the listed gene that are represented on 
the array. 
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Position 


1496-2178 


591-1100 
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<° 

CNJ 
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932-1242 | 


690-964 


10056-10346 


1493-1801 


920-1232 


405-681 


627-993 


95M213 


605-974 | 


2339-2642 


1701-1930 | 


2285-2631 


2839-3101 


2132-2597 


1325-1676 


380-1430 


493-1656 


1-584 


638-1376 


1105-1480 


831-1135 
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CD 
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GenBank # 
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M54968 I 


J02958 | 
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U43746 j 


U76638 I 
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X74262 I 


S66431 


X85133 l 


M31213; (M57464) 
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M15990 


U 10087 X58957 
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L05148 


M97935 


U18671 M97934 


U47686 






ICell Cycle/Growth Regulators 


InNA MISMATCH REPAIR PROTEIN MSH2 I 


DNA MISMATCH REPAIR PROTEIN MSH6 (mutS - ALPHA 160 KD 
SUBUNIT) (G/T MISMATCH BINDING PROTEIN) (GTBP) (GTMBP) 


Ik-RAS ONCOGENE I 


Imft I 


5 


IBREAST CANCER TYPE 2 SUSCEPTIBILITY PROTEIN ! 


IbRCAI-ASSOCIATED RING DOMAIN PROTEIN 1 


MDM2 PROTEIN (P53-ASSOCIATED PROTEIN) + MDM2-A (GB: 
imi Q<N + MDM2-C fGB: U33201) 


X 1 

2 
a 
2 

c 
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o 
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c 
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CO 

m 

a, 

CNI 

2 
Q 
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In73. a monoallelicallv expressed p53-related protein I 


1RRO/D130 I 


mRA/n4R I 


PRP? retinoblastoma bindinq protein I 


RROi retinoplasloma bindinq protein 


PROTO-ONCOGENE TYROSINE-PROTEIN KINASE RECEPTOR RET 
PRECURSOR (EC 2.7.1.1 12) (C-RET).tPapillary thyroid carcinoma- 
encoded Droteinl 


IRetinoblastoma susceptibility (RB1 retinoblastoma-assoc) ! 


IsKY fDTKi fTYR03. (RSE, I 


CO 
LU 
> 


TYROSINE-PROTEIN KINASE BTK (EC 2.7.1.1 12) (BRUTON'S 
TYROSINE KINASE)(AGAMMAGLOBULINAEMIA TYROSINE KINASE) 
fATKi fB CELL PROGENITOR KINASE) (BPK) (BTK) (AGMX1) 


TYROSINE-PROTEIN KINASE ABL2 (EC 2.7.1.112) (TYROSINE KINASE 
ARGi fABLU 


TYROSINE-PROTEIN KINASE ZAP-70 (EC 2.7.1.112) (70 KD ZETA- 
ASSOCIATED PROTEIN) (ZAP70) 


SIGNAL TRANSDUCER AND ACTIVATOR OF TRANSCRIPTION 1- 
ALPHA/BETA (TRANSCRIPTION FACTOR ISGF-3 COMPONENTS 
P91/P84) (STATU 


SIGNAL TRANSDUCER AND ACTIVATOR OF TRANSCRIPTION 2 
(P1131 (STAT21 


SIGNAL TRANSDUCER AND TRANSCRIPTION ACTIVATOR 5B 
ISTAT5B1 
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ICell Cvcle/Growth Regulators 


iDNA DAMAGE RESPONSE/REPAIR/RECOMBINATION 1 


DNA-DEPENDENT PROTEIN KINASE (DNA-PK) + DNA DEPENDENT 
PROTEIN KINASE CATALYTIC SUBUNIT (DNA-PKcs) (XRCC7) 


lATAXIA TELANGIECTASIA (ATM) I 


IFKBP-RAPAMYSIN ASSOCIATED PROTEIN (FRAP) | 


ATP-DEPENDENT DNA HELICASE II, 70 KD SUBUNIT (LUPUS KU 
AUTOANTIGEN PROTEIN P70) (70 KD SUBUNIT OF KU ANTIGEN) 
(THYROID-LUPUS AUTO-ANTIGEN) (TLAA) (KU70) (CTC BOX BINDING 
FACTOR 75 KD SUBUNm (CTCBF) (CTC75) (XRCC6) 


ATP-DEPENDENT DNA HELICASE II, 86 KD SUBUNIT (LUPUS KU 
AUTOANTIGEN PROTEIN P86) (86 KD SUBUNIT OF KU ANTIGEN) 
(THYROID-LUPUS AUTOANTIGEN) (TLAA) (CTC BOX BINDING 
FACTOR 85 KD SUBUNIT) (CTCBF) (CTC85) (NUCLEAR FACTOR IV) 
fKLJBm (XRCC51 


IDNA EXCISION REPAIR PROTEIN ERCC1 ! 


DNA LIGASE III (POLYDEOXYRIBONUCLEOTIDE SYNTHASE (ATP)) | 
(DNL3) 


DNA LIGASE IV (POLYDEOXYRIBONUCLEOTIDE SYNTHASE (ATP)) 


InNA POLYMERASE ALPHA I 


InMA RFPAIR PROTEIN RAD50 I 


DNA REPAIR PROTEIN RAD51 HOMOLOG [Replication protein A (E coli 
RftcA homoloa. RAD51 homoloa)! 


IDNA REPAIR PROTEIN RAD52 HOMOLOG 


InNA TOPOISOMERASE I 


IDNA TOPOISOMERASE II ALPHA ISOZYME 


DNA-REPAIR PROTEIN COMPLEMENTING XP-B CELLS (XERODERMA 
PIGMENTOSUM GROUP B COMPLEMENTING PROTEIN) (DNA 
EXCISION REPAIR PROTEIN ERCC3) (BASAL TRANSCRIPTION 
FACTOR 2 89 KD SUBUNIT) (BTF2-p89) (TFIIH 89 KD SUBUNIT) 


DNA-REPAIR PROTEIN COMPLEMENTING XP-D CELLS (XERODERMA 
PIGMENTOSUM GROUP D COMPLEMENTING PROTEIN) (DNA 
EXCISION REPAIR PROTEIN ERCC-2) 


IDNA-REPAIR PROTEIN XRCC1 


DNA-REPAIR PROTEIN COMPLEMENTING XP-G CELLS (XERODERMA 
PIGMENTOSUM GROUP G COMPLEMENTING PROTEIN) (DNA 
EXCISION REPAIR PROTEIN ERCC-5) 
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GROWTH ARREST AND DNA-DAMAGE-INDUCIBLE PROTEIN 
rtAnnmo. rnNA-DAMAGE INDUCIBLE PROTEIN) (CHOP). 


GROWTH ARREST AND DNA-DAMAGE-INDUCIBLE PROTEIN GADD45 
mMA.nAMA^P INDUCIBLE TRANSCRIPT 1) (DDIT1). 


METHYLATED-DNA--PROTEIN-CYSTEINE METHYLTRANSFERASE (6- 
n.MPTHYl ftliANINE-DNA METHYLTRANSFERASE) (MGMT) 


MUSCLE-SPECIFIC DNASE l-LIKE [DNaseX] (XIB) 
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REPLICATION PROTEIN A 70 KD DNA-BINDING SUBUNIT (RP-A) (RF- 
A) (REPLICATION FACTOR-A PROTEIN 1) (SINGLE STRANDED DNA- 

RIMniMTX PROTEINS 


SUPEROXIDE DISMUTASE [Superoxide dismutase 1 (Cu/Zn)] j 


(transcriptional ACTIVATOR PROTEIN PUR-ALPHA ! 


HHR6A (YEAST RAD6 HOMOLOG) (UBIQITIN-CONJUGATING 


UV EXCISION REPAIR PROTEIN PROTEIN RAD23 [xeroderma 
ninmentosum arouo C repair complementing protein HHR23A] 
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IGFBP3 (GROWTH HORMONE-DEPENDENT INSULIN-LIKE GROWTH 
FACTOR-RINDING PROTEIN) 


llGFRPd I 


llGFBP5 I 


ItGFRPfi I 


llNSULIN-LIKE GROWTH FACTOR 1 RECEPTOR _J 


BASIC FIBROBLAST GROWTH FACTOR RECEPTOR 1 PRECURSOR 
(BFGF-R) (EC 2.7.1.112) (FMS-LIKE TYROSINE KINASE-2) (C-FGR) 
(FGFR1) (FLG) (FGFBR) (FLT2). (HBGF-R-ALPHA-A1 ) (HBGF-R-ALPHA- 
A2) (HBGF-R-ALPHA-A3) + FGFR SECRETED FORM (M34188) 


NERVE GROWTH FACTOR RECEPTOR I 


Ipogfr.alpha I 


IpnGFR.BETA I 


transmembrane receptor precursor (PTK7); COLON CARCINOMA 


IfiFX GENE I 


TRANSFORMING GROWTH FACTOR-BETA TYPE III RECEPTOR I 


Transmembrane protein TMP21 I 


HIGH AFFINITY NERVE GROWTH FACTOR RECEPTOR PRECURSOR 
(EC 27.1.112) (TRK1 TRANSFORMING TYROSINE KINASE PROTEIN) 
(P140-TRKA) + trk-T3 (P68 TRK-T3 ONCOPROTEIN) 


ltrk-T3 (P68 TRK-T3 ONCOPROTEIN) 
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ITUMOR NECROSIS FACTOR RECEPTOR 1 


TUMOR NECROSIS FACTOR RECEPTOR 2 PRECURSOR (TUMOR 
NECROSIS FACTOR BINDING PROTEIN 2) (TBPII) (P80) (TNF-R2) 
fP75) (CD120B) (TNFR2) (TNFBR). 


RETINOIC ACID RECEPTOR ALPHA1 (RAR- ALPHA1) + PML-RAR 
orotein 


retinoic acid receptor alpha [RETINOIC ACID RECEPTOR RXR-ALPHA 


retinoic acid receptor epsilon [RETINOIC ACID RECEPTOR BETA-2 (RAR 
BETA-2) (RAR-EPSILON)] 


retinoic acid receptor gamma [RETINOIC ACID RECEPTOR GAMMA] 


retinoic acid receptor rxr-beta IRETINOIC ACID RECEPTOR RXR-BETA] 
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SPARC PRECURSOR (SECRETED PROTEIN ACIDIC AND RICH IN 
CYSTEINE) (OSTEONECTIN) (ON) (BASEMENT MEMBRANE PROTEIN 


iTUQnuROQPnNniN 1 PRECURSOR I 


iTuonMRnQPONniN 7 PRECURSOR I 


VITRONECTIN PRECURSOR (SERUM SPREADING FACTOR) (S- 
DPrvreiKn imNTAINS' SOMATOMEDIN Bl 
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PLASMINOGEN ACTIVATOR INHIBITOR-2, PLACENTAL (KAl-2) 
,..^..^^1= a on. ccnpiwi n IROKINASE INHIBITOR). 


PLASMA SERINE PROTEASE INHIBITOR PRECURSOR (KUI) 
(PROTEIN C INHIBITOR) (PLASMINOGEN ACTIVATOR INHIBITOR-3) 


UROKINASE PLASMINOGEN ACTIVATOR SURFACE RECEPTOR, GPI- 
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Low-density lipoprotein receptor-related protein 1 

PRECURSOR (LRP) (ALPHA-2-MACR0GL0BULIN RECEPTOR) (A2MR) 


LOW-DENSITY LIPOPROTEIN RECEPTOR-RELATED PROTEIN 2 
(MEQALIN) (GLYCOPROTEIN 330) (FRAGMENT) 


ALPHA-2-MACROGLOBULIN PHbUUHoUrt iMLrnM-^-wi 
PLATELET BASIC PROTEIN PRECURSOR (PBP) (CONTAINS: 
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AFFINITY PLATELET FACTOR IV (LA-PF4), BETA- 
THROMBOGLOBULIN (BETA-TG), NEUTROPHIL-ACTIVATING 
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ICell Cvcle/Growth Regulators 


PLEIOTROPHIN PRECURSOR (PTN) (HEPARIN-BINDING GROWTH- 1 
ASSOCIATED MOLECULE) (HB-GAM) (HEPARIN-BINDING GROWTH 
FACTOR 8) (HBGF-8) (OSTEOBLAST SPECIFIC FACTOR 1) (OSF-1) 
(HEPARIN-BINDING NEURITE OUTGROWTH PROMOTING FACTOR 1) 


EARLY GROWTH RESPONSE PROTEIN 1 (EGR-1) (KROX24) 
(TRANSCRIPTION FACTOR ETR103) (ZINC FINGER PROTEIN 225) 
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Apoptosis Array 

In the apoptosis array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with apoptosis, 
e.g. cell cycle genes. In a specific apoptosis array of interest, the spots are as provided in 
Table 4. 
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Human Stress Array 

In the human stress array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with stress 
responses of human cells, e.g. stress response regulators and effectors. In a specific human 
5 stress array of interest, the spots are as provided in Table 5. 
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Oncogene and Tumor Suppressor Gene Array 

In the oncogene and tumor suppressor gene array according to the subject invention, 
all of the unique polynucleotide probe compositions correspond to genes that are associated 
with cellular proliferative diseases, specifically neoplastic diseases. Genes of interest that 
5 may be represented on the array include: oncogenes and tumor suppressor genes. In a 

specific oncogene and tumor suppressor gene array of interest, the spots are as provided in 
Table 6. 



BNSDOCID: <WO 98S3103A1_I_> 



-103- 



WO 98/53103 ***** PCT/US98/10561 



Table 6 



tu 

& 

cc 

CL 
LU 

z 

UJ 

o 
o 
o 

o 



■e 

> 

CO 

I 
0) 

JD 
.O 
co 

iS 

-Q 

o 
x: 

Q) 
C 

to 
"> 
*2L 
k— 
o 

CL 

a) 
o 
cd 



o 

"to 
E 
cd 



si! 

CO O! 
CD -C 

CD g 
QC cd 
LU OXZ 

CO 8P 
°- oico 
x £12 



to '.r 

£ jco 

0> : TT 

CM O 

2 !x 



<D 
C 

<d 

o 
o 

o 
6 
o 



QC 
O 

o 
< 

Li- 
CD 

3 



co 
> 

O 
_j 

o 
o 

LU 

< 
X 
CL 

o 
oc 
o 
< 

2 



o> 

co 
co 
3 

CD 

o 
< 

c\i 

Q 
2 



< 
o 

CO 

u. 

a 
a 

CL 

or 

O 
co 
cc 

3 

a 

UJ 

CC 
CL 

I 
u 

CO 

CC 

o 
u 



-i 



1 1 



Ui 
CO 



JSlTS'Si jo 



Its-- 

p - 

c < r 

> C cn .«« 



< O 
u. ~z 

: r °* 



to * u * 

- * ^ s, 



Q- r - r ~ J? a 

CM O UJ u a ^ % U. 



o 
o 

o 
a 



™ r: o * - i 



3 a ft. ^ - - 



co 
5 



its 

Icq 

2 

a. ♦ < 
luj x 

i§ji 

CC |0 

!§|| 

lfr ICC 

—J < 
uj CC 



' O 



O ; o 



I 

-r 

<•« •? 0 
- 5 5 iS 



o 



CC «- 
LU CD 
Q CO 



E 
o 

Q- 

co 

co 
a> 

T3 
0) 

jg 

0) 

< 

•e 

> 



CC 
O 
h- 

o 
< 

LL 

O 



eg 
UJ 



co co 

CM [00 

2 S 

t 



OC 

o 
to 

< 
en 

CL 

o 
a 



LU 

o 

OC 

a 

LU 



0) 

c 

CO 
Ql 

c 

o 



(D 

E 

TO 



CM 
O- 
T3 

e 



OC 

CL 
LU 
O 
LU 
OC 
OC 

o 
t- 
o 
< 

LL 



m 
in 



CL 
CD 
U 
CD 



O 
O 
CO 



o 

CD 

c 

o 
E 



LU 
OC 
CO 

f- 

LU 



CD 
CD 
OC 
LU 



0l 
< 
OC 

o 

o 
< 

LL 

g 
t— 

a. 
cc 
o 

CO 

< 
oc 



oc 

g 

CL 
LU 

o 

UJ 

oc 
oc 
o 
t- 
o 
< 

LL 
CO 
CO 

o 
oc 
o 

LU 

oc 
o 



S K 

I - 

>< 3 

co" co 

cr> cd 

^- CD 

CO o 

o o 

^ X 



in 
as 

CM 



CM 
CO 



00 

CD 

co 
r*«. 
o 



cn 
cm 
co 
co 



-104- 



BNSDOCID: <WO 9853103A1_I_» 



WO 98/53103 




PCT/US98/10561 



Table 6 (Cont) 



o 
o 
m 

XL 

I 



< 


< 


X 


X 


CL 


CL 




— * 


< 


< 


z 




— 1 


— i 




Z> 


a 


o 




LU 


cr 


x 


HE 


HE 



r> 
cr 
o 

h- 

CL 
LU 
O 
LU 
tX 

LU 
CO 
< 

z 
z 

LU 

5 

(X 
CL 

LU 

CO 

O 
x 



3 

a) 

a) 

2 
o. 



2 
O 
z 
z 
< 

I 

o 

CO 



CM 
O 

-a 
o 

I CVJ 
CL 

T3 

a> 

to 

1 > 



I CO 
LU 
CO 

< 
z 

LU 



x 

CL 
LU 
2 
CO 

X 

> 



CD 
LU 
CO 
< 
Z 

LU 

X 
CL 
CO 

o 

X 
CL 

o 

LU 

9 

CO 

o 

LU 
—I 

o 
z> 
z 



UJ 



x 

P 

CO 

cc 
p 

LU 
X 
X 

b- 

LU 

x 



cc 

ICL '« 
LU O 

O aJ. 

X a) 
-a 

| co 8 
< c 

— Q> 
CO 

0 <o 
X « 

1 CL *o 

' o 



03 
CL 
CD 

< 

z 



LU C 

Z >4 

CO ^ _ 

P §io 



X ss 
> 

LU CL 
Z ^ 
LU p 
O LU 
O X 



CO 

— I 
-J 

LU 

O 
CO 

Gl 
X 

o 
z 
h- 
z 

LU 
LU 



O ^ 

o ^ 

X ^ 

CL CM 



UJ 
h- 

O 
X 

CL 
X 

< 

X 



O 

c 

.9* 
c 

CO 

o 

3 
CO 

-g 
2 



z 

CO 

CO 
Q 

o 



LU 
CO 

< 

o 

_J 

LU 
X 

< 
z 

Q 
H- 
Z 



LU 
X 
LU 
Q 
CL 



X 



z 

LU 

o 

X 
X 

X 

LU 

o 
z 
< 
o 



o 

UJ 
X 

o 

— I 

o 
o 



c 
<a 
CD 
c 

a 



<r> co 

CD ;H 

cm M 

CM CM 
M 

in yo I co 
co co |n» 

CM CO 

T— I s "- T— 

— i X 1 



CO 

T— 

CM 
I CO 
2 



OJ 


in 


in 


CO 






o 


a> 


CD 


CO 




o 


CO 


in 


CO 


2 


2 


2 



r- 

O) 
CO 
CM 
CO 



-105- 



BNSDOCID: <WO 98531 03A1J > 



WO 98/53103 




PCT/US98/10561 



Table 6 (Cont) 



0> 

E 
m 
Z 

» 
c 



< 

X 
Q 
Z 

o 

X 

o 
o 



CC 
O 
h- 

o 
< 

LL 

z 

O 

h- 
Q_ 

X 

O 
CO 

z 
< 



^ < 

> CC 



z 

LU 

s 

CC 
Q. 
>- 
CC 
O 

5 

3 
O 
LU 
CC 
LU 

9 

5 

LL) 
I 

o 

3 
Z 
LU 
Z 

z 
< 

o 



c 

2 

CL 
(J 

"6 

0) 
CL 

CO 

Q> 

u 
o 

CL 

e 



o 

-J 

LU 
CO 

< 
z 

Z 
LU 
H 

o 

CC 

CL 
LU 
Z 

C/} 

o 

CC 

>- 

LU 

z 

LU 

o 
o 
o 
z 
o 

6 

J— 

o 

CC 



z<i 
Q - 



O 
< 
CC 
LU 

31 

LU ~ 

— o 



c 
o 

CL 

o 



z 

CO 

CO 
Q 

o 
in 



CC 
O 

LL 



III 

CD 
I 

? to z 
^ Z i£ 
Lug 

Z H- ° 
LU O ^ 
Q QC < 
Z CL 

n) Q 5 
LU"f Q 

JOu." 
O CO < 
- > CO >i 



2 ^ 
ojco 



LU 
CO 

< 
< 

X 
CL 
CO 

o 

X 
CL 

cr 

LU 

o 

Q 
Z 

LU 
CO 
< 
X 
CL 



o 
o 

X 

CO 

6 

CD 
CL 



cvi 

O 
LU 

o 

X 

CO 
LU 
CO 

< 
z 



o 

X 
CL 

LU 

z 

CO 

o 

X 

> 



z 

LU 

CD 
O 
O 

z 

O 

6 



o o 

X X 
X CO 



o 

u 
CL 
0) 

o 
c 



3 



z 

LU 
\— 

o 

x 

X 
LU 

z 

LU 

o 
o 
o 
z 
o 

6 
i— 
o 

X 
Q_ 
— l 
LU 
X 

6 



CD 

c 
<tt 
cn 
O 
o 
c 
o 

6 
o 

Q. 



< 

o 

x 

X 



o 

X 
X 

CD 

z 

X 

o 

LL 
CO 

z 
< 

X 



z 

LU 

o 

X 
X 

CNJ 

> 
CD 
O 



LU 
»- 

o 

X 
X 

X 

o 

f— 

X 

< 

Q 
< 

cn 
x 

CO 



z 

LU 
)- 

o 

X 
X 

o 
z 

CO 

< 

LU 
—I 
LU 
X 
LU 

9 
h- 

o 

LU 
-J 

O 

Z 



O 

o 
o 

z 

LU 
h- 

o 

X 
X 

X 

O 
CO 
CO 
LU 
X 
X 
X 
3 
CO 

X 

o 



c 
ca 
CD 
C 
0) 

O 



CVJ CO 

oo in 



in ^ to 
in loo «- 

CD f 

' CO I CD _ 

o im 
X XIX 



TT CD 

cr> cn 

cvj cn 

cnj co 

h- O 

X X 



CM 
O 

m 



o 

CO 

o 
in 

CM 



CM 
CO 

in 



CM 
CO 

CO 

r- 
X 



-106- 



BNSDOCID: <WO 9853103A1_I_> 



WO 98/53103 




PCT/US98/10561 



Table 6 (Cont) 















o 




































































































< 










o 

LU 






















































2) (P55- 




























hOH 


















6-IN 




jsceptibil 
































ISO 






















































PHA 






















CO 




























































cvi 




























«! 


















z 




e 






O 






0. 






















»— 


















• 

CO 




blasto 






UJ 






a 






































_ OJ 




ES 




GR 






GC 
c 


z 

oS 




















IC SUBU 






OL 












a g 




retino 


> 

LU 




EF 






otei 


TEII 












nase] 










LU 
9^ 














cn 




CO 






CL 




O 




















CO 


















< 




< 








a 


cc 












'52. 






h- 






c 
















z: 




OTEIN KIM 






CO 


Q 


CL 












6 












CD 
05 












IBITOR / 
1) (MTS1 


z 


ROTEIN 


OTEIN K 






PROTEII 


[cell de 


NASE 4 INHIBITOR 


TIBILITY 


ras] 










[C-SR 






IE CATA 






TS onco 








ASE WEElHu 




DYCLIN-DEPENDENT KINASE 4 INH 
[MULTIPLE TUMOR SUPPRESSOR 1 


ENE PROTE 


OCIATED P 


PROTO-ONCOGENE TYROSINE-PR 




FtOSINE-PR 


CIFIC) 


OSIS COLI 


TYROSINE-PROTEIN KINASE LYN 


2 SUSCEP 


EINP21 IN- 


igen 2| 


igen 11 




OR JUN-D 


NASE CSK 






OL 3-KINAS 






LU 

LU 
CL 


(CLK2) 


(CLK3) 


(CLK1) 


Sene Name 


LU 

o 
o 
o 

o 

6 
i— 
o 
cc 

Q_ 

o 
> 

z 


RETINOBLASTOMA-ASS 


L-MYC-2 PROTEIN 


PROTO-ONCOGENE TYI 
FGR). 


CYCLIN E (G1/S-SPE 


ADENOMATOUS POLYP 


CYCLIN-DEPENDENT Kl 


BREAST CANCER TYPE 


TRANSFORMING PROT 


FRA-2 [fos-related ant 


FRA-1 [fos-related ant 


CM 
C 

j> 

Z 

CC 
M 
LU 


TRANSCRIPTION FACT 


TYROSINE-PROTEIN Kl 


FAST KINASE 


IBETA-CATENIN 


PHOSPHATIDYLINOSIT 


BCL2 


TOB 


ETS-RELATED PROTEI 


(PROTEIN KINASE CLK 


PROTEIN KINASE CLK 


[PROTEIN KINASE CLK 


CDK TYROSINE 15-KIN 






















[U20498] 




































SenBank 

.27211 


M 13228 


M15400 


066SW 


M19720 


M 19722 


M73812 


M74088 


U25994 


U40343; | 


U43746 


1X02761 


X16706 


X16707 


X51521 


X56681 


X59932 


X86779 


X87838 


Z29090 


M14745 


D38305 


L16464 


L29216 


L29220 


L29222 


U 10564 






i 

i 

I 


i 
I 

i 

! 






I 













































-107- 



BNSDOC1D: <WO 9853103A1J_> 



WO 98/53103 




PCT/US98/10561 



Table 6 (Cont) 



Gene Name 
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Cell-Cell Interaction Array 

In the cell-cell interaction array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with cell-cell 
interaction, e.g. cell-cell signaling. In a specific cell-cell interaction array of interest, the 
spots are as provided in Table 7. 
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CELL INTERACTION (Gene Names) 
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Cytokine and Cytokine Receptor Array 

In the cytokine and cytokine receptor array according to the subject invention, all of 
the unique polynucleotide probe compositions correspond to genes that express cytokines or 
cytokine receptors. In a specific cytokine and cytokine receptor array of interest, the spots 
5 are as provided in Table 8. 
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Cell Cycle Array 

In the cell cycle array according to the subject invention, all of the unique 
polynucleotide probe compositions correspond to genes that are associated with the life cycle 
of a cell. In a specific cell cycle array of interest, the spots are as provided in Table 9. 
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Other Representative Arrays 

In a neuroarray according to the subject invention, all of the unique polynucleotide 

probe compositions will correspond to genes that are expressed in brain related tissues. 

Genes that are represented on the array are key genes, by which is meant that they have been 
5 reported to play primary roles in a variety of different biological processes in brain tissues. 

Genes of interest that may be represented on the array include: ion channel/transport 

proteins; receptors; cell cycle regulators; stress response proteins; apoptosis proteins; signal 

transduction proteins; transcriptional factors; growth factors/interleukins/hormones; 

oncogenes and tumor suppressors; cell surface/adhesion proteins; DNA 
10 synthesis/repair/recombination genes; and metabolic pathway enzymes. 

In certain embodiments, of particular interest is an array having the following types 

of genes represented on its surface: nuclear proteins; endoplasmic reticulum proteins; golgi 

complex proteins; endosomal proteins; lysosomal proteins; peroxisomal proteins; 

mitochondrial proteins; cytoplasmic proteins; cytoskeletal proteins; plasma membrane 
1 5 proteins; post synaptic and dendritic proteins; axonal and nerve terminal proteins; secreted 

proteins, neuropeptides, hormones and growth factors; extracellular matrix proteins; 

astrocyte and oligodendroglial proteins; immune system proteins; developmentally regulated 

proteins; regionally regulated proteins; and disease related proteins. 

Other representative arrays include: (1) rat arrays, in which each of the unique 
20 polynucleotide corresponds to a key rat gene; (2) blood arrays, in which each unique 

polynucleotide corresponds to a gene associated cells and tissues associated with the 

cardiovascular system; (3) rat stress arrays; and (4) mouse stress arrays, in which each 

unique polynucleotide corresponds to a gene associated with the stress response of murine 

cells. 

25 

Methods of Using the Subject Arrays 

The subject arrays find use in a variety of different applications in which one is 
interested in detecting the occurrence of one or more binding events between target nucleic 
30 acids and probes on the array and then relating the occurrence of the binding event(s) to the 
presence of a target(s) in a sample. In general, the device will be contacted with the sample 
suspected of containing the target under conditions sufficient for binding of any target 
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present in the sample to a complementary polynucleotide present on the array. Generally, the 
sample will be a fluid sample and contact will be achieved by introduction of an appropriate 
volume of the fluid sample onto the array surface, where introduction can be pipette, 
deposition, and the like. 

5 

Generation of Labeled Target 

Targets may be generated by methods known in the art. mRNA can be labeled and 
used directly as a target, or converted to a labeled cDNA target. Generally, such methods 
include the use of oligonucleotide primers. Primers that may be employed include oligo dT, 

10 random primers, e.g. random hexamers and gene specific primers. 

Of particular interest in the generation of labeled target is the use of a set of a 
representational number of gene specific primers, as described in U.S. Patent Application 
No. 08/ 859,998, the disclosure of which is herein incorporated by reference. As the subject 
sets comprise a representational number of primers, the total number of different primers in 

15 any given set will be only a fraction of the total number of different or distinct RNAs in the 
sample, where the total number of primers in the set will generally not exceed 80 %, usually 
will not exceed 50 % and more usually will not 20% of the total number of distinct RNAs, 
usually the total number of distinct messenger RNAs (mRNAs), in the sample. Any two 
given RNAs in a sample will be considered distinct or different if they comprise a stretch of 

20 at least 100 nucleotides in length in which the sequence similarity is less than 98%, as 

measured using the FASTA algorithm at default settings. As the sets of gene specific primers 
comprise only a representational number of primers, with physiological sources comprising 
from 5,000 to 50,000 distinct RNAs, the number of different gene specific primers in the set 
of gene specific primers will typically range from about 20 to 10,000, usually from 50 to 

25 2,000 and more usually from 75 to 1 500. 

Each of the gene specific primers of the sets described above will be of sufficient 
length to specifically hybridize to a distinct nucleic acid member of the sample, e.g. RNA or 
c DNA, where the length of the gene specific primers will usually be at least 8 nt, more 
usually at least 20 nt and may be as long as 25 nt or longer, but will usually not exceed 50 nt. 

30 The gene specific primers will be sufficiently specific to hybridize to complementary 

template sequence during the generation of labeled nucleic acids under conditions sufficient 
for first strand cDNA synthesis, which conditions are known by those of skill in the art. The 
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number of mismatches between the gene specific primer sequences and their complementary 
template sequences to which they hybridize during the generation of labeled nucleic acids in 
the subject methods will generally not exceed 20 number %, usually will not exceed 10 
number % and more usually will not exceed 5 number %. 
5 Generally, the sets of gene specific primers will comprise primers that correspond to 

at least 20, usually at least 50 and more usually at least 75 distinct genes as represented by 
distinct mRNAs in the sample, where the term "distinct" when used to describe genes is as 
defined above, where any two genes are considered distinct if they comprise a stretch of at 
least 100 nt in their RNA coding regions in which the sequence similarity does not exceed 

10 98%, as determined using the FASTA algorithm at default settings. 

The gene specific oligonucleotide primers may be synthesized by conventional 
oligonucleotide chemistry methods, where the nucleotide units may be: (a) solely nucleotides 
comprising the heterocyclic nitrogenous bases found in naturally occurring DNA and RNA, 
e.g. adenine, cytosine, guanine, thymine and uracil; (b) solely nucleotide analogs which are 

15 capable of base pairing under hybridization conditions in the course of DNA synthesis such 
that they function as the above nucleotides found in naturally occurring DNA and RNA, 
where illustrative nucleotide analogs include inosine, xanthine, hypoxanthine, 1,2- 
diaminopurine and the like; or (c) from combinations of the nucleotides of (a) and nucleotide 
analogs of (b), where with primers comprising a combination of nucleotides and analogues 

20 thereof, the number of nucleotide analogues in the primers will typically be less than 25 and 
more typically less than 5. The gene specific primers may comprise reporter or hapten 
groups, usually 1 to 2, which serve to improve hybridization properties and simplify 
detection procedure. 

Depending on the particular point at which the gene specific primers are employed in 
25 the generation of the labeled nucleic acids, e.g. during first strand cDNA synthesis or 
following one or more distinct amplification steps, each gene specific primer may 
correspond to a particular RNA by being complementary or similar, where similar usually 
means identical, to the particular RNA. For example, where the gene specific primers are 
employed in the synthesis of first strand cDNA, the gene specific primers will be 
30 complementary to regions of the RNAs to which they correspond. 

Each gene specific primer can be complementary to a sequence of nucleotides which 
is unique in the population of nucleic acids, e.g. mRNAs, with which the primers are 
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contacted, or one or more of the gene specific primers in the set may be complementary to 
several nucleic acids in a given population, e.g. multiple mRNAs, such that the gene specific 
primer generates labeled nucleic acid when one or more of set of related nucleic acid species, 
e.g. species having a conserved region to which the primer corresponds, are present in the 
5 sample. Examples of such related nucleic acid species include those comprising: repetitive 
sequences, such as Alu repeats, Al repeats and the like; homologous sequences in related 
members of a gene-family; polyadenylation signals; splicing signals; or arbitrary but 
conversed sequences. 

Depending on the particular nature of the labeled nucleic acid generation step of the 

10 subject methods, the gene specific primers may be modified in a variety of ways. One way 
the gene specific primers may be modified is to include an anchor sequence of nucleotides, 
where the anchor is usually located 5' of the gene specific portion of the primer and ranges in 
length from 10 to 50 nt in length, usually 15 to 40 nt in length. The anchor sequence may 
comprise a sequence of bases which serves a variety of functions, such as a sequence of 

1 5 bases which correspond to the sequence found in promoters for bacteriophage RN A 

polymerase, e.g. T7 polymerase, T3 polymerase, SP6 polymerase, and the like; arbitrary 
sequences which can serve as subsequent primer binding sites; and the like. 

Turning now to the methods employing the above sets of gene specific primers, the 
first step in the subject methods is to obtain a sample of nucleic acids, usually RNAs, from a 

20 physiological source, usually a plurality of physiological sources, where the term plurality is 
used to refer to 2 or more distinct physiological sources. The physiological source of RNAs 
will typically be eukaryotic, with physiological sources of interest including sources derived 
single celled organisms such as yeast and multicellular organisms, including plants and 
animals, particularly mammals, where the physiological sources from multicellular 

25 organisms may be derived from particular organs or tissues of the multicellular organism, or 
from isolated cells derived therefrom. Thus, the physiological sources may be different cells 
from different organisms of the same species, e.g. cells derived from different humans, or 
cells derived from the same human (or identical twins) such that the cells share a common 
genome, where such cells will usually be from different tissue types, including normal and 

30 diseased tissue types, e.g. neoplastic, cell types. In obtaining the sample of RNAs to be 
analyzed from the physiological source from which it is derived, the physiological source 
may be subjected to a number of different processing steps, where such processing steps 
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might include tissue homogenation. nucleic acid extraction and the like, where such 
processing steps are known to the those of skill in the art. Methods of isolating RNA from 
cells, tissues, organs or whole onanisms are known to those of skill in the art and are 
described in Maniatis el «/.. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
5 Press)(1989). 

The next step in the subject methods is the generation of labeled nucleic acids 
representative of the nucleic acid, usually RNA, profile of the physiological source. As 
mentioned above, a set of gene specific primers is used to generate the labeled nucleic acids 
from the sample of RNAs. where the labeled nucleic acids generated in this step may serve 
10 as "target" in subsequent assays ,n *h,ch the differences in the RNA profiles of at least two 
sources are analyzed. As used herein, the term "target" refers to single stranded RNA, single 
stranded DNA and double stranded DN A. where the target is generally greater than 50 nt in 
length. 

The set of primers mas he used cither in first strand cDNA synthesis or following 
15 one or more amplificat.on steps F urthermorc. the actual synthesis of the labeled nucleic 

acids may be at the same step during *h,ch the sets of gene specific primers are employed, 
or the synthesis of the labeled nucleic acids may be one more steps subsequent to the step in 
which the sets of gene specific primers are employed. 

In a first embodiment ol tnc invention, the set of gene specific primers is used to 
20 generate labeled first strand k PS \ * *ctc the labeled first strand cDN A is representative of 
the RNA profile of the pin -urce being assayed. The labeled first strand cDNA is 

prepared by contacting the RN V sample with the primer set and requisite reagents under 
conditions sufficient for reset-: tronwription of the RNA template in the sample. Requisite 
reagents contacted with the pnmcn and RNAs are known to those of skill in the art and will 
25 generally include at least an en/% mc has mg reverse transcriptase activity and dNTPs in an 

appropriate buffer medium 

A variety of enzymes, usualls DNA polymerases, possessing reverse transcriptase 
activity can be used for the first strand cDNA synthesis step. Examples of suitable DNA 
polymerases include the DN A polymerases derived from organisms selected from the group 
30 consisting of a thermophilic bacteria and archaebacteria. retroviruses, yeasts, Neurosporas, 
Drosophilas, primates and riKlents Preferably, the DNA polymerase will be selected from 
the group consisting of Molones murine leukemia virus (M-MLV) as described in United 
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States Patent No. 4,943,531 and M-MLV reverse transciptase lacking RNaseH activity as 
described in United States Patent No. 5,405,776 (the disclosures of which patents are herein 
incorporated by reference), human T-cell leukemia virus type 1 ( HTLV-I ), bovine leukemia 
virus ( BLV ), Rous sarcoma virus (RSV ), human immunodeficiency virus ( HIV ) and 
5 Thermus aquaticus ( Taq ) or Thermus thermophilus (Tth) as described in United States 
Patent No. 5,322,770, the disclosure of which is herein incorporated by reference. Suitable 
DNA polymerases possessing reverse transcriptase activity may be isolated from an 
organism, obtained commercially or obtained from cells which express high levels of cloned 
genes encoding the polymerases by methods known to those of skill in the art, where the 
1 0 particular manner of obtaining the polymerase will be chosen based primarily on factors such 
as convenience, cost, availability and the like. 

The various dNTPs and buffer medium necessary for first strand cDNA synthesis 
through reverse transcription of the primed RNAs may be purchased commercially from 
various sources, where such sources include Clontech, Sigma, Life Technologies, 
1 5 Amersham, Boehringer-Mannheim. Buffer mediums suitable for first strand synthesis will 
usually comprise buffering agents, usually in a concentration ranging from 10 to 100 uM 
which typically support a pH in the range 6 to 9, such as Tris-HCl, HEPES-KOH, etc.; salts 
containing monovalent ions, such as KCl, NaCl, etc., at concentrations ranging from 0-200 
mM; salts containing divalent cations like MgCl,, Mg(OAc) etc, at concentrations usually 
20 ranging from 1 to 10 mM; and additional reagents such as reducing agents, e.g. DDT, 

detergents, albumin and the like. The conditions of the reagent mixture will be selected to 
promote efficient first strand synthesis. Typically the set of primers will first be combined 
with the RNA sample at an elevated temperature, usually ranging from 50 to 95 °C, 
followed by a reduction in temperature to a range between about 0 to 60°C, to ensure 
25 specific annealing of the primers to their corresponding RNAs in the sample. Following this 
annealing step, the primed RNAs are then combined with dNTPs and reverse transcriptase 
under conditions sufficient to promote reverse transcription and first strand cDNA synthesis 
of the primed RNAs. By using appropriate types of reagents, all of the reagents can be 
combined at once if the activity of the polymerase can be postponed or timed to start after 
30 annealing of the primer to the RNA. 

In this embodiment, one of either the gene specific primers or dNTPs. preferably the 
dNTPs, will be labeled such that the synthesized cDNAs are labeled. By labeled is meant 
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that the entities comprise a member of a signal producing system and are thus detectable, 
either directly or through combined action with one or more additional members of a signal 
producing system. Examples of directly detectable labels include isotopic and fluorescent 
moieties incorporated into, usually covalently bonded to, a nucleotide monomeric unit, e.g. 
5 dNTP or monomeric unit of the primer. Isotopic moieties or labels of interest include 32 P, 
33 P, 35 S, I25 I, and the like. Fluorescent moieties or labels of interest include coumarin and its 
derivatives, e.g. 7-amino-4-methylcoumarin, aminocoumarin, bodipy dyes, such as Bodipy 
FL, cascade blue, fluorescein and its derivatives, e.g. fluorescein isothiocyanate, Oregon 
green, rhodamine dyes, e.g. texas red, tetramethylrhodamine, eosins and erythrosins, cyanine 

10 dyes, e.g. Cy3 and Cy5, macrocyclic chelates of lanthanide ions, e.g. quantum dye™, 

fluorescent energy transfer dyes, such as thiazole orange-ethidium heterodimer, TOTAB, etc. 
Labels may also be members of a signal producing system that act in concert with one or 
more additional members of the same system to provide a detectable signal. Illustrative of 
such labels are members of a specific binding pair, such as ligands, e.g. biotin, fluorescein, 

1 5 digoxigenin, antigen, polyvalent cations, chelator groups and the like, where the members 
specifically bind to additional members of the signal producing system, where the additional 
members provide a detectable signal either directly or indirectly, e.g. antibody conjugated to 
a fluorescent moiety or an enzymatic moiety capable of converting a substrate to a 
chromogenic product, e.g. alkaline phosphatase conjugate antibody; and the like. 

20 In one preferred embodiment, the member of the signal producing system bound to 

the nucleotide is functional group capable of covalently binding to additional members of the 
signal producing system to generate a detectable label. Examples of such functional groups 
or moieties include amino, sulfhydryl, azido, isothiocyanate, sulfoxyl, and the like. The 
labeled target generated using such nucleotides will thus include one or more, usually a 

25 plurality of, functional moieties. For detection, the functional moieties of the modified 

nucleotides can be labeled by conjugation of a label to the functional moiety. A variety of 
suitable labels and methods for their conjugation to functional moieties are known to those 
of skill in the art. Examples include labeling of amino-modified cDNA by a succinimidyl 
ester of an appropriate dye, e.g. Alexa, Bodipy, or Cy dyes. Alternatively, label can be 

30 entrapped or bonded into structures of microscopic-sized particles. These particles can then 
be conjugated with the functional moieties of the target. 
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For each sample of RNA, one can generate labeled oligos with the same labels. 
Alternatively, one can use different labels for each physiological source, which provides for 
additional assay configuration possibilities, as described in greater detail below. 

In a variation of the above embodiment, where desired one can generate labeled RNA 
5 instead of labeled first strand cDNA. In this embodiment, first strand cDN A synthesis is 
carried out in the presence of unlabeled dNTPs and unlabeled gene specific primers. 
However, the primers are optionally modified to comprise a promotor for an RNA 
polymerase, such as T7 RNA polymerase, T3 RNA polymerase, SP6 RNA polymerase, and 
the like. In this embodiment, following first strand cDNA synthesis, the resultant single 

10 stranded cDNA is then converted to double stranded cDNA, where the resultant double 

stranded cDNA comprises the anchor sequence comprising the promoter region. Conversion 
of the mRNAxDNA hybrid following first strand synthesis can be carried out as described 
in Okayama & Berg, Mol. Cell. Biol. (1982) 2:161-170, and Gubler & Hoffman, Gene 
(1983) 25: 253-269, where briefly the RNA is digested with a ribonuclease, such as E.coli 

15 RNase H, followed by repair synthesis using a DNA polymerase like DNA polymerase I, 
etc., and E.coli DNA ligase. One may also employ the modification of this basic method 
described in Wu, R, ed., Methods in Errzymology (1987), vol. 153 (Academic Press). Next, 
the double stranded cDNA is contacted with RNA polymerase and dNTPs, including labeled 
dNTPs as described above, to produce linearly amplified labeled ribonucleic acids. For 

20 cDNA lacking the anchor sequence comprising a promoter region, a polymerase that does 
not need a promoter region but instead can initiate RNA strand synthesis randomly from 
cDNA, such as core fragment of E.Coli RNA polymerase, may be employed. 

In another embodiment of the subject invention, the labeled nucleic acid generation 
step comprises one or more enzymatic amplification steps in which multiple DNA copies of 

25 the initial RNAs present in the sample are produced, from which multiple copies of the 
initial RNA or multiple copies of antisense RNA (aRNA) may be produced, using the 
polymerase chain reaction, as described in U.S. Pat. No. 4,683,195, the disclosure of which 
is herein incorporated by reference, in which repeated cycles of double stranded DNA 
denaturation, oligonucleotide primer annealing and DNA polymerase primer extension are 

30 performed, where the PCR conditions may be modified as described in U.S. Pat No. 
5,436,149. the disclosure of which is herein incorporated by reference. 
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In one embodiment involving enzymatic amplification, the set of gene-specific 
primers are employed in the generation of the first strand cDNA, followed by amplification 
of the first strand cDNA to produce amplified numbers of labeled cDNA. In this 
embodiment, as a set of gene-specific primers is employed in the first strand synthesis step, 
5 only a representative proportion of the total RNA in the sample is amplified during the 
subsequent amplification steps. 

Amplification of the first strand cDNA can be conveniently achieved by using a 
CAPswitch™ oligonucleotide as described in U.S. Patent Application Serial No. 08/582,562, 
the disclosure of which is herein incorporated by reference. Briefly, the CAPswitch™ 
10 technology uses a unique CAPswitch™ oligonucleotide in the first strand cDNA synthesis 
followed by PCR amplification in the second step to generate a high yield of ds cDNA. 
When included in the first-strand cDNA synthesis reaction mixture, the CAPswitch™ 
oligonucleotide serves as a short extended template. When reverse transcriptase stops at the 
5' end of the mRNA template in the course of first strand cDNA synthesis it switches 
1 5 templates and continues DNA synthesis to the end of the CAPswitch™ oligonucleotide. The 
resulting ss cDNA incorporates at the 3* end, sequence which is complimentary to complete 
5' end of the mRNA and the CAPswitch™ oligonucleotide sequence. 

Of particular interest as the CAPswitch™ oligonucleotide are oligonucleotides 
having the following formula: 

20 

5'-dNl-dN2-...dNm-rNl-rN2...rNn-3' 

wherein: 

dN represents a deoxyribonucleotide selected from among dAMP, dCMP, dGMP and 

25 dTMP; 

m represents an integer 0 and above, preferably from 10 to 50; 
rN represents a ribonucleotide selected from the group consisting of AMP, CMP, 
GMP and UMP, preferably GMP; and 

n represents an integer 0 and above, preferably from 3 to 7. 

30 

The structure of the CAPswitch™ oligonucleotide may be modified in a number of 
ways, such as by replacement of 1 to 10 nucleotides with nucleotide analogs, incorporation 
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of terminator nucleotides, such as 3'-amino NMP. 3'-phosphate NMP and the like, or 
non-natural nucleotides which can improve efficiency of the template switching reaction but 
still retain the main function of the CAPswitch™ oligonucleotide i.e. CAP-depended 
extension of full-length cDNA by reverse transcriptase using CAPswitch™ oligonucleotide 
as a template. 

In using the CAPswitch™ oligonucleotide, first strand cDNA synthesis is carried out 
in the presence of a set of gene specific primers and a CAPswitch™ oligonucleotide, where 
the gene specific primers have been modified to comprise an arbitrary anchor sequence at 
their 5' ends. The first strand cDNA is then combined with primer sequences complementary 
to: (a) all or a portion of the CAPswitch™ oligonucleotide and (b) the arbitrary anchor 
sequence of the gene specific primers and additional PCR reagents, such as dNTPs, DNA 
polymerase, and the like, under conditions sufficient to amplify the first strand cDNA. 
Conveniently, PCR is carried out in the presence of labeled dNTPs such that the resultant, 
amplified cDNA is labeled and serves as the labeled or target nucleic acid. Labeled nucleic 
acid can also be produced by carrying out PCR in the presence of labeled primers, where 
either or both the CAPswitch™ oligonucleotide complementary primer and anchor sequence 
complementary primer may be labeled. In yet an alternative embodiment, instead of 
producing labeled amplified cDNA, one may generate labeled RNA from the amplified ds 
cDNA, e.g. by using an RNA polymerase such as E.coli RNA polymerase, or other RNA 
polymerases requiring promoter sequences, where such sequences may be incorporated into 
the arbitrary anchor sequence. 

Instead of using the set of gene specific primers in the first strand cDNA synthesis 
step followed by subsequent amplification of only a representative fraction of the total 
number of distinct RNA species in the sample, one may also amplify all of the RNAs in the 
sample and use the set of gene specific primers to generate labeled nucleic acid following 
amplification. This embodiment may find use in situations where the RNA of interest to be 
amplified is known or postulated to be in small amounts in the sample. 

In this embodiment, first strand synthesis is carried out using: (a) an oligo dT primer 
that usually comprises an arbitrary anchor sequence at its 5' end and (b) a CAPswitch™ 
oligonucleotide. During first strand synthesis the oligo(dT) anneals to the polyA tail of the 
mRNA in the sample and synthesis extends beyond the 3' end of the RNA to include the 
CAPswitch™ oligonucleotide, yielding a first strand cDNA comprising an arbitrary 
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sequence at its 5' end and a region complementary to the CAPswitch™ oligonucleotide at its 
3* end. The length of the dT primer will typically range from 15 to 30 nts, while the arbitrary 
anchor sequence or portion of the primer will typically range from 15 to 25 nt in length. 

Following first strand synthesis, the cDNA is amplified by combining the first strand 
5 cDNA with primers that correspond at least partially to the anchor sequence and the 

CAPswitch™ oligonucleotide under conditions sufficient to produce an amplified amount of 
the cDNA. Labeled nucleic acid is then produced by contacting the resultant amplified 
cDNA with a set of gene specific primers, a polymerase and dNTPs, where at least one of the 
gene specific primers and dNTPs are labeled. 
10 When employed to generate target, as described above, the gene specific primers of 

the sets of primers according to the subject invention are typically chosen according to a 
number of different criteria. In some embodiments of the invention, primers of interest for 
inclusion in the set include primers corresponding to genes which are typically differentially 
expressed in different cell types, in disease states, in response to the influence of external 
1 5 agents, factors or infectious agents, and the like. In other embodiments, primers of interest 
are primers corresponding to genes which are expected to be, or already identified as being, 
differentially expressed in different cell, tissue or organism types. Preferably, at least 2 
different gene functional classes will be represented in the sets of gene specific primers, 
where the number of different functional classes of genes represented in the primer sets will 
20 generally be at least 3, and will usually be at least 5. Gene functional classes of interest 

include oncogenes; genes encoding tumor suppressors; genes encoding cell cycle regulators; 
stress response genes; genes encoding ion channel proteins; genes encoding transport 
proteins; genes encoding intracellular signal transduction modulator and effector factors; 
apoptosis related genes; DN A synthesis/recombination/repair genes; genes encoding 
25 transcription factors; genes encoding DNA-binding proteins; genes encoding receptors, 
including receptors for growth factors, chemokines, interleukins, interferons, hormones, 
neurotransmitters, cell surface antigens, cell adhesion molecules etc.; genes encoding cell- 
cell communication proteins, such as growth factors, cytokines, chemokines, interleukins, 
interferons, hormones etc.; and the like. Less preferred are gene specific primers that are 
30 subject to formation of strong secondary structures with less than -lOkcal/mol; comprise 
stretches of homopolymeric regions, usually more than 5 identical nucleotides; comprise 
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more than 3 repetitive sequences; have high, e.g. more than 80%, or low, e.g. less than 30%, 
GC content etc. 

The particular genes represented in the set of gene specific primers will necessarily 
depend on the nature of physiological source from which the RNAs to be analyzed are 
5 derived. For analysis of RNA profiles of eukaryotic physiological sources, the genes to 
which the gene specific primers correspond will usually be Class II genes which are 
transcribed into RNAs having 5' caps, e.g. 7-methyl guanosine or 2,2,7-trimethylguanosine, 
where Class II genes of particular interest are those transcribed into cytoplasmic mRNA 
comprising a 7-methyl guanosine 5' cap and a polyA tail. 

10 For analysis of RNA profiles of mammalian physiological sources, of particular 

interest are gene specific primers corresponding to the functional gene classes listed above. 
For analysis of RNA profiles of human physiological sources, the gene specific primers of 
particular interest are the gene specific primers identified in Table 1 as SEQ ID NO:01 to 
SEQ ID NO: 1372, of U.S. Application Serial No. 08/859,998, the disclosure of which is 

1 5 herein incorporated by reference, where sets of these primers will usually include at least 20 
and more usually at least 50 of these specific sequences. 

Particular sets of primers of interest in the subject invention are those sets of primers 
that include primers capable of amplifying at least a portion of the unique polynucleotides 
present on the arrays with which the target is to be employed. By at least a portion is meant 

20 at least about 10, usually at least about 20 and more usually at least about 25 number % 
(where number is the number of different unique polynucleotides on the array). For 
examples, sets of primers that include primers capable of amplifying at least a portion of the 
unique polynucleotides listed in Table I, supra, are of interest. Similarly sets of primers 
capable of amplifying at least a portion of the unique polynucleotides listed in Tables 2 to 8, 

25 supra, are also of interest. 

In a particularly preferred embodiment, the gene specific primers are preferably those 
primers that correspond to the different polynucleotide spots on the array that is used in the 
hybridization assay. Thus, one will preferably employ gene specific primers for each 
different polynucleotide that is present on the array, so that if the gene is expressed in the 

30 particular cell or tissue being analyzed, labeled target will be generated from the sample for 
that gene. In many embodiments in which the subject arrays are employed, the gene specific 
primers used to generate the target from the human cell or tissue being analyzed will have 
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the same sequence as the gene specific primers used to generate the polynucleotide probes 
present on the array. In this manner, if a particular gene present on the array is expressed in a 
particular sample, the appropriate target will be generated and subsequently identified. 
Representative sets of primers falling within this particularly preferred embodiment include: 

SET DESCRIPTION 

1 I pair of primers capable of amplifying each 

polynucleotide listed in Table I, supra, as well 
one set of primers capable of amplifying each of 
the complementary sequences of each of the 
polynucleotides listed in Table I. 

2 1 pair of primers capable of amplifying each 

polynucleotide listed in Table 2, supra, as well 
one set of primers capable of amplifying each of 
the complementary sequences of each of the 
polynucleotides listed in Table 2. 

3 1 pair of primers capable of amplifying each 

polynucleotide listed in Table 3, supra, as well 
one set of primers capable of amplifying each of 
the complementary sequences of each of the 
polynucleotides listed in Table 3. 



1 0 Hybridization and Detection 

As mentioned above, following preparation of the target nucleic acid from the tissue 
or cell of interest, the target nucleic acid is then contacted with the array under hybridization 
conditions, where such conditions can be adjusted, as desired, to provide for an optimum 
level of specificity in view of the particular assay being performed. Suitable hybridization 

1 5 conditions are well known to those of skill in the art and reviewed in Maniatis et al, supra 
and WO 95/21944. In analyzing the differences in the population of labeled target nucleic 
acids generated from two or more physiological sources using the arrays described above, 
each population of labeled target nucleic acids are separately contacted to identical probe 
arrays or together to the same array under conditions of hybridization, preferably under 

20 stringent hybridization conditions (for example, at 50°C or higher and 0. 1 XSSC ( 1 5 mM 
sodium chloride/01.5 mM sodium citrate)) , such that labeled target nucleic acids hybridize 
to complementary probes on the substrate surface. 

Where all of the target sequences comprise the same label, different arrays will be 
employed for each physiological source (where different could include using the same array 

25 at different times). Alternatively, where the labels of the targets are different and 
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distinguishable for each of the different physiological sources being assayed, the opportunity 
arises to use the same array at the same time for each of the different target populations. 
Examples of distinguishable labels are well known in the art and include: two or more 
different emission wavelength fluorescent dyes, like Cy3 and Cy5, two or more isotopes 
5 with different energy of emission, like 32 P and 33 P, labels which generate signals under 

different treatment conditions, like temperature, pH, treatment by additional chemical agents, 
etc., or generate signals at different time points after treatment. Using one or more enzymes 
for signal generation allows for the use of an even greater variety of distinguishable labels, 
based on different substrate specificity of enzymes (alkaline phosphatase/peroxidase). 
10 Following hybridization, non-hybridized labeled nucleic acid is removed from the 

support surface, conveniently by washing, generating a pattern of hybridized nucleic acid on 
the substrate surface. A variety of wash solutions are known to those of skill in the art and 
may be used. 

The resultant hybridization patterns of labeled nucleic acids may be visualized or 
1 5 detected in a variety of ways, with the particular manner of detection being chosen based on 
the particular label of the target nucleic acid, where representative detection means include 
scintillation counting, autoradiography, fluorescence measurement, colorimetric 
measurement, light emission measurement and the like. 

Following detection or visualization, the hybridization patterns may be compared to 
20 identify differences between the patterns. Where arrays in which each of the different probes 
corresponds to a known gene are employed, any discrepancies can be related to a differential 
expression of a particular gene in the physiological sources being compared. 

Utility 

25 The subject methods find use in, among other applications, differential gene 

expression assays. Thus, one may use the subject methods in the differential expression 
analysis of: (a) diseased and normal tissue, e.g. neoplastic and normal tissue, (b) different 
tissue or tissue types; (c) developmental stage; (d) response to external or internal stimulus; 
(e) response to treatment; and the like. The subject arrays therefore find use in broad scale 

30 expression screening for drug discovery and research, such as the effect of a particular active 
agent on the expression pattern of genes in a particular cell, where such information can be 
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used to reveal drug toxicity, carcinogenicity, etc., environmental monitoring, disease 
research and the like. 

Kits 

5 Also provided are kits for performing analyte binding assays using the subject 

devices, where kits for carrying out differential gene expression analysis assays are 
preferred. Such kits according to the subject invention will at least comprise the subject 
arrays. The kits may further comprise one or more additional reagents employed in the 
various methods, such as primers for generating target nucleic acids, including a set of gene 

1 0 specific primers according to the subject invention, e.g. primer sets 1 to 9 described above, 
dNTPs and/or rNTPs, which may be either premixed or separate, one or more uniquely 
labeled dNTPs and/or rNTPs, such as biotinylated or Cy3 or Cy5 tagged dNTPs, or other 
post synthesis labeling reagent, such as chemically active derivatives of fluorescent dyes, 
enzymes, such as reverse transcriptases, DNA polymerases, and the like, various buffer 

15 mediums, e.g. hybridization and washing buffers, prefabricated probe arrays, labeled probe 
purification reagents and components, like spin columns, etc., signal generation and 
detection reagents, e.g. streptavidin-alkaline phosphatase conjugate, chemifluorescent or 
chemiluminescent substrate, and the like. 

20 

The following examples are offered by way of illustration and not by way of 
limitation. 

EXPERIMENTAL 

25 

Example 1 - Gene ration of human cDNA array 

686 cDNA fragments corresponding 686 different human genes were amplified from 
quick-clone cDNA (CLONTECH) in 686 separate test tubes using a combination of sense 
and antisense gene-specific primers: (Set No. 9, described supra). Amplification was 
30 conducted in a 100-^d volume containing 2 \il of mixture of 10 Quick-clone cDNA from 
placenta, brain, liver, lung, leukocytes, spleen, skeletal muscle, testis, kidney and ovary 
(CLONTECH), 40 mM Tricine-KOH (pH 9.2 at 22°C), 3.5 mM Mg(OAc) 2 , 10 mM KOAc, 
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75 ng/ml BSA, 200 nM of each dATP, dGTP, dCTP and dTTP, 0.2 yiM of each sense and 
antisense gene-specific primers and 2 ^1 of KlenTaq Polymerase mix. Temperature 
parameters of the PCR reactions were as follows: I min at 95 °C followed by 20-35 cycles of 
95 °C for 15 sec and 68 °C for 2 mm. followed by a 10-min final extension at 68 °C. PCR 
5 products were examined on 1 .2% agarose/EtBr gels in lx TBE buffer. As a DNA size 

marker a 1 Kb DNA Ladder was used, ds cDN A was then precipitated by addition of a half 
volume of 4M ammonium acetate < about 35 fil) and 3.7 volumes of 95% ethanol (about 260 
[il). After vortexing, the lube was immediately centrifuged at 14,000 r.p.m. in a 
microcentrifuge for 20 min The pellet was washed with 80% ethanol without vortexing, 

10 centrifuged as above for 10 mm. air dried, and dissolved in 10 p\ of deionized water. Yield 
of ds cDNA after the amplication step was about 5 ng. The ds cDNA fragments for all 686 
genes were cloned into TA -cloning vector using the manufacturer's recommendations 
(Invitrogen) and identity of the clonc\ w as confirmed by sequence analysis. The ds cDNA 
inserts with the sequence corresponding 686 genes were amplified by PCR using a 

15 combination of antisense anJ sense gcnc-specific primers, as described above. The ds cDNA 
was denatured by adding 1 a\ u\ I OX denaturing solution (1 M NaOH, 10 mM EDTA) and 
incubating at 65°C for 20 mm All cDNA probes were transferred in 384-weIl plate and 
loaded on positively charge J n\ Ion membrane (Schleher & Schull) using 384 pin tool and 
Biomek 2000 (Beckmani roN* I he resultant array is described in Table 1. 

20 

Example 2 - Generation V !^ N:icJ oligonucleotides during first strand cDNA 
synthesis 

Step A. cDNA synthesis Labeling I'nvcdurc 
25 1 jig of polyA+RN \ «>f total RNA was converted into 32 P-labeled first-strand cDNA 

as follows. A sufficieni volume i»t master mix for all labeling reactions and 1 extra reaction 
was prepared as follows to ensure sufficient volume. For each 10-|il labeling reaction, the 
following reagents were mixed 



30 



2 Hi 
4 til 



1 pi 



5X First-strand butter <:<0 M M Tris-HCl pH8.3; 375 mM KC1; 15 mM MgCI 2 ) 
lOXdNTP mix ( MX> M M JGTP, 500 pM dCTP, 500 \iM dTTP, 5 \iM dATP) 
[a- ,: P|dATPi \mcrshjm. 3000 Ci/mmol, 10 mCi/ml) 
MMLV reverse ir.m%*ripca%c < Amcrsham, 200 units/pl) 
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8 til Final volume 
Next, the following reagents were combined in a 0.5-ml PCR test tube: 
1 ug (1-2 pi) polyA+RNA sample 
5 I pi I Ox gene-specific primers mix ( 0.2 uM of each oligonucleotide ID No. 

2,4,6,8,10,12 1372 from Table I of U.S. Patent Application Serial No. 

08/859,998, the discosure of which is herein incorporated by reference.) 



10 As a control, in separate test tube were mixed 1 jag of polyA+RNA sample with 1 \x\ of oligo 
dT primer (CDS1, 5 , -d(TCTAGAATTCAGCGGCCGC(T) 30 VN) - 3' 

(where V=G or A or C; N=G or A or T or C) 

For each tube, ddH 2 0 was added to a final volume of 3 ^1 and the contents were 
1 5 mixed and spun briefly in a microcentrifuge. The tubes were then incubated in a preheated 
PCR thermocycler at 70 °C for 2 min. The temperature in thermocycle was reduced down to 
50°C and the tube contents were incubated for 2 min. 8 jil of master mix as prepared above 
were added to each reaction test tube. The contents of the test tubes were then mixed by 
gentle pipetting. The tubes were then incubated in a PCR thermocycler for 20 min at 50 °C. 
20 The reaction was then stopped by adding 1 |il of 10X termination mix (0.1 M EDTA, 1 
mg/ml glycogen). 



Step B. Column Chromatography 

The 32 P-labeled cDNAs were separated from unincorporated 32 P-labeled nucleotides 

25 and small (<0. 1- kb) cDNA fragments using the following procedure for each test tube. A 
CHROMA SPIN-200 column (CLONTECH, Palo Alto. CA) was placed into a 1.5-ml 
microcentrifuge tube, the water was allowed to drain through the column by gravity flow 
until the surface of the gel beads emerged in the column matrix. The sample was then 
applied to the center of the gel bed's flat surface and allowed to be fully absorbed into the 

30 resin bed. 25 jil of ddH 2 0 were then applied and allowed to completely drain out of the 
column. 200 [i\ of ddH 2 0 were then applied and allowed to completely drain out of the 
column until there was no liquid left above the resin bed. The column was then transferred to 
a clean 1.5-ml microcentrifuge tube. 
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To collect the first fraction, 100 ^il of ddH.O were added to the column and allowed 
to completely drain out of the column. The second, third and fourth fractions were collected 
in analogous fashion. The tubes with fractions 1-4 were then placed in scintillation counter 
empty vials, and Cherenkov counts for each fraction were obtained in the tritium channel. 
5 The fractions which showed the highest Cerenkov counts were pooled. 

Fxample 3 - Generation of Cv3-label ed hybridization polynucleotide target from 
polvA+RNA using pos tsvnthesis labelling procedure 

1 0 In this procedure for generating labeled cDN A target, polyA+RNA is first converted 

into cDNA that has primary amino groups which are subsequently coupled with Cy3 
succinimide ester. This technology allows for a significant increase (about 10 fold) in 
activity of labeled polynucleotide target and therefore increases the overall sensitivity of 
detection of gene expression. The same procedure can be used for labeling two (or more) 

1 5 samples of RNA. In this case the cDNA synthesis step was the same for both samples but at 
the labeling step, each cDNA sample was labeled by different and distinguishable labels, e.g. 
Cy3 and Cy5, Alexa 532 and Bodipy TR, Fluorescein and tetramethyl rhodamine, etc. Each 
labeled probe was purified separately by column chromatography and, after normalization, 
were combined together in equal ratio and hybridized with a cDNA array. After 

20 hybridization, the detection procedure revealed both dye-labeled hybridized target 

simultaneously, based on the different spectral characteristics (emission wavelength) of the 
fluorescent labels. 

A. cDNA synthesis 
25 The 10-//1 reaction described below converted 1 Mg of polyA+RNA into amino- 

modified first-strand cDNA. 
For each cDNA synthesis reaction: 

1. Enough master mix for all labeling reactions and 1 extra reaction was prepared to 
ensure sufficient volume. 
30 For each 10-^1 labeling reaction, the following reagents were mixed: 

2 mI 5 X First-strand buffer (250 Tris-HC I pH8.3; 375 mM KCI; 15mMMgC12) 
1 a*I lOXdNTP mix (500 azM dGTP, 500 /iM dCTP, 500 a*M dATP, 1 00 dTTP, 
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and 100 alls lam ino dUTP ) 
1 mI [a- J2 P]dATP(Amersham. 3000 Ci/mmol, 10 mCi/ml) 
3 H.O 

1 ^1 MMLV reverse transcriptase (Amersham, 200 units/ul) 
8 mI Final volume 

2. The following was combined in a 0.5-ml PCR test tube: 
I /ug (1-2 m0 polyA + RNA sample 

1 M l I Ox gene-specific primers mix ( 0.2 uM of each oligonucleotide ID No. 

2,4,6,8,10,12 1 372M from Table i of U.S. Patent Application No. 

08/859,998, the disclosure of %»hK.h n herein incorporated by reference.) 

As a control in separate test tube 1 of polyA+RNA sample was mixed with 1 
of oligo dT primer (SEQ IP No 1 3 T 3 from Table 1 of U.S. Application No. 08/859,998). 

3. ddH^O was added to a final \olumc of 3 /A 

4. The contents were mivcd and the tubes were spun briefly in a microcentrifuge. 

5. The tubes were incubated in preheated PCR thermocycler at 70°C for 2 min. 

6. The temperature in the ihermocycle was reduced down to 50°C and incubate for 2 
min. 

7. 8 /^l of master mix were added to each reaction test tube. 

8. The contents of the Icm tubes *ere mixed by gentle pipeting. 

9. The tubes were incuhaicd in a PCR thermocycler for 30 min at 50°C. 

10. The reaction was sloppy b\ increasing temperature up to 70°C for 5 min, then 
cooled to37°C. 

11. 1 m1 of RNase lid" unit » ..! » vsas added and the tubes were incubated at 37°C for 15 
min. 

12. The reaction was slopped b\ adding 40 ^1 of termination mix (0.3 M sodium acetate, 
pH 5.0, 1 mMEDTAl 

13. An equal volume (50 *J > of phenol/chlorophorm/isoamyl alcohol mix (1:1: 1/24 v/v) 
was added and extraction uas performed. Phases were separated by centrifugation at 
14,000 rpm for 10 mm 
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14. Upper water phase was collected and cDNA was precipitated by adding 2.5 volumes 
(about 120 /u\) of ethanol. 

1 5. The precipitate was collected by centrifugation at 14,000 rpm for 10 min, the 
supernatant removed and the precipitate was washed with 80% ethanol. 

16. The precipitate was air dried and dissolved in 10 ^1 of 0. 1 M sodium bicarbonate 
buffer, pH 9.0. 

Step B. Post synthesis labeling procedure. 

1. 1 mg of Cy3 succinimide ester was dissolved in 10 fA of dimethyl sulfoxide and 10 
^1 of amino-modified cDNA generated at step 16 was added to it. 

2. The mixture was incubated at room temperature overnight. 

Step C. Column Chromatography 

To purify the Cy3-labeled cDNAs from the unconjugated label, the following was 
performed for each test tube: 

1 . CHROMA SPIN-200 column (CLONTECH) was removed from refrigerator and 
allowed to warm at room temperature for about 1 hour. The column was inverted 
several times to completely resuspend the gel matrix. (Note: Check for air bubbles in 
the column matrix. If bubbles are visible, resuspend the matrix in the in the column 
buffer (ddH 3 0) by inverting the column again). 

2. The bottom cap from the column was removed, and then the top cap was slowly 
removed. 

3. The column was placed into a 1 .5-ml microcentrifuge tube. 

4. The water was allowed to drain through the column by gravity flow until the surfaces 
of the gel beads in the column matrix were visible. (The top of the column matrix 
should be at the 0.75-ml mark on the wall of the column. If the column contains 
much less matrix, adjust the volume of the matrix to 0.75ml mark using matrix from 
another column.) 

5. The collected water was discarded. 

6. The sample was applied to the center of the gel bed's flat surface and allowed to be 
fully absorbed into the resin bed. Care was taken not allow any sample to flow along 
the inner wall of the column. 
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7. 25 azI of ddH : 0 were applied and allowed to completely drain out of the column. 

8. Apply 200 ^1 of ddH 2 0 and allow the buffer to completely drain out of the column 
until there was no liquid left above the resin bed. 

9. The column was transfered to a clean 1 .5-ml microcentrifuge tube. 

5 10. 1 00 a/1 of ddH 2 0 were added to the column and allowed to completely drain out of the 
column. 

1 1 . The second, third and fourth fractions were collected by repeating steps 9-10. 

12. Cherenkov counts were obtained for each fraction by counting the entire sample in 
the tritium channel. 

10 13. The fractions (usually fractions 2-3) which showed highest Cerenkov counts were 

pooled. Waste column and the fractions (usually fraction 1 and 4) which showed less 
than 1 0% counts from peak fractions. 



15 



Example 4 - Hybridization 32 P-labeled cDNA Target with cDNA Array 



A solution of ExpressHyb™ (CLONTECH) and sheared salmon testes DNA (Sigma) 
was prepared by prewarming 15 ml of ExpressHyb™ at 50-60°C, heating 1.5 mg of sheared 
salmon testes DNA at 95-100°C for 5 min followed by chilling quickly on ice, and 
combining the resultant heat-denatured sheared salmon testes DNA with the prewarmed 

20 ExpressHyb™. 

A cDNA Array as produced in Example 1 above was then placed in a hybridization 
bottle and 10 ml of the solution prepared above was added to the bottle. Prehybridization 
was performed for 30 min with continuous agitation at 72 °C. Labeled cDNA probe 
(Example 1 , about 200 ul, total about 2-5x1 0 6 cpm) with 1/1 0th of the total volume ( about 

25 22 ul) of lOx denaturing solution (1 M NaOH, 10 mM EDTA) was mixed and incubated at 
65 °C for 20 min. 5 f-tl (1 jig/ul) of human Cot-1 DNA was then added, and an equal volume 
(about 225 jil) of 2x Neutralizing solution (I M NaHP04, pH 7.0) was added and incubation 
continued at 65 °C for 10 min. The mixtures were then combined and thoroughly mixed. 

The prehybridization solution was replaced with the solution comprising the labeled 

30 oligonucleotide as prepared above and allowed to hybridize overnight with continuous 

agitation at 65 °C. Following hybridization, the hybridization solution was carefully removed 
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and discarded, replaced with 200 ml of Wash Solution I (2X SSC. 1% SDS). The array was 
washed for 20 min with continuous agitation at 65 °C. Washing was repeated four times. 

Two additional 20-min washes were then performed in 200 ml of prewarmed Wash 
Solution 2 (0.1X SSC, 0.5% SDS) with continuous agitation at 65°C. Using forceps, the 
5 cDNA array was removed from the container and excess wash solution was removed by 
shaking. 

The damp membrane was immediately wrapped in plastic wrap, mounted on 
Whatman paper (3mm Chr) and exposed to x-ray film at -70°C with an intensifying screen. 

10 Fxamnle 5 -Comparison B e tween Using Sets of Gene Specific Primers and pljgo dT 

32 P-labeled cDNA target were synthesized by M-MLV reverse transcriptase from a 
mixture 588 antisense gene-specific primers (B) or oligo dT(A) using placenta polyA+RNA 
as a template as described in Example 2. Primer extension products generated by reverse 

1 5 transcription were purified by gel filtration as described in Example 2 and hybridized 

separately with two cDNA arrays comprising 588 human genes under identical conditions as 
described in Example 4. Signals which can be detected by using cDNA target generated 
using the set of gene specific primers but can not be detected by using conventional target 
generated with oligo dT primers were observed. Note, the level of non-specific background 

20 detected as signal generated by membrane alone outside of the regions with immobilized 
probes generated by target generated using oligo dT primers was significantly higher in 
comparison with the background generated by the target generated by using the sets of gene 
specific primers. 

25 F.xample 6 - Generation o f cDNA arrav probe immobilized on plass slides. 

50 cDNA fragments corresponding to 50 different human genes were amplified from 
plasmid clones containing corresponding cDNA fragments in 96 well plates using 
combination of vector primer ID No. 1376 and ID No. 1377 or sense and antisense gene- 
specific primers: ID No. 1+2, 3+4,5+6,7+8,.... 100+101 (from Table 1 of U.S. Patent 

30 Application No. 08/859,998, the disclosure of which is herein incorporated by reference). 
Amplification was conducted in a 400-^1 volume containing 2 ng of plasmid DNA, 40 mM 
Tricine-KOH (pH 9.2 at 22 °C), 3.5 mM Mg(OAc) 2 , 10 MM KOAc. 75 M g/ml BSA. 200 mM 

-157- 



BNSDOCID: <WO 98531 03A1_I_> 



WO 98/53103 




PCT/US98/10561 



of each dATP, dGTP, dCTP and dTTP, 0.2 /uM of each primers and 2 fA of KlenTaq 
Polymerase mix (CLONTECH). Temperature parameters of the PCR reactions were as 
follows: 1 min at 95 °C followed by 30 cycles of 95 °C for 15 sec and 68 °C for 2 min; 
followed by a 10-min final extension at 68°C. PCR products were examined on 1.2% 
5 agarose/EtBr gels in 1 x TBE buffer. As a DNA size marker , a 1 Kb DNA Ladder was used, 
ds cDNA was then precipitated by addition of a 10% volume of 3M sodium acetate (pH 5-0) 
(about 40 yul) and 2.5 volumes of 96% ethanol (about 1 ml). After vortexing, the tube was 
immediately centrifuged at 14,000 r.p.m. in a microcentrifuge for 20 min. The pellet was 
washed with 80% ethanol without vortexing, centrifuged as above for 10 min, air dried, and 

10 dissolved in 10 ^1 of deionized water. Yield of ds cDNA after amplification step was about 
20 ^g. The ds cDNA was solved in 10 ^1 of distilled water, 10 jul of 1 M sodium carbonate 
buffer, pH 9.5, was added and the ds cDNA was denaturated by heating at 94°C for 5 min 
and cooled down. The treated glass slides were prepared as following: Glass slides were 
cleaned overnight in 25% solution of nitric acid at room temperature, washed 3 times by 

15 acetone, treated with 1% aminopropyl-trimethoxysilane for 3 hrs at room temperature, 
washed two times with acetone, heated at 120°C for 6 hrs and then treated with 0.2 % of 
para-phenylendiisothiocyanate (95:5 acetone- water solution) at room temperature for 3 hrs, 
then washed two times by acetone and dried in vacuum with desiccant. All cDNA probes 
were transferred in 384-well plate and printed on treated glass slides using 384 pin tool and 

20 Biomek 2000 (Beckman) robot. After printing, the arrays were incubated in wet chamber at 
37°C overnight, then ultraviolet-cross linked to the surface by subjecting the slides to 30 mJ 
of energy (Stratagene Stratalinker). The arrays were washed with 1% of sodium borohydrate 
in 0.1 M NaOH, then washed 3 times in distilled water, dried in vacuum and stored with 
desiccant. 

25 

Example 7- Hybridization Cv3 -labeled cDNA Target (or Cv3/Cv5 labeled cDNA 
targets) with gjass cDNA array 

1 . A solution of ExpressHyb (CLONTECH) and sheared salmon testes DNA (Sigma) 
30 was prepared as follows: 

a. 5 ml of ExpressHyb™ was prewarmed at 50-60°C. 
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b. 0.5 mg of the sheared salmon testes DNA was heated at 95-100 °C for 5 
min, and then chilled quickly on ice. 

c. Heat-denatured sheared salmon testes DNA was mixed with prewarmed 
ExpressHyb. 

5 2. The glass cDNA array was placed in a hybridization container, and 1 ml of the 
solution prepared in step 1 above was added. 

3. Prehybridization was conducted for 5 min with continuous agitation at 65 °C. 

4. Labeled cDNA probe as prepared in example 3, step CI 3, above, (about 200 ^1) was 
mixed with 2 /J ( 1 jug/^l) of human Cot- I DNA , and denaturated at 99°C for 2 

10 min. 

5. The mixture prepared in Step 4 was added to the hybridization box from Step 3 and 
the two solutions were mixed together thoroughly. The container was sealed by 
sealing tape. 

6. Hybridization was allowed to proceed overnight with continuous agitation at 65 °C. 
15 7. The hybridization solution was carefully removed and discarded in an appropriate 

container, and replaced with 10 ml of Wash Solution 1 (2X SSC, 0.1% SDS). The 
array was washed for 10 min with continuous agitation at 65 °C. The step was 
repeated two times. 

8. Additional 10-min washes were performed in 10 ml of Wash Solution 2 (0. 1 X SSC, 
20 0.1% SDS) with continuous agitation at 65 °C. 

9. Using forceps, the cDNA array was removed from the container, briefly washed in 0. 
1XSSC and excess buffer was removed from surface by centrifugation in a Beckman 
CS-6R centrifuge at 2000 rpm. 

10. Glass arrays were scanned using a custom-built laser scanner equipped by green (Cy3 
25 chanel) and red ( Cy5 chanel) solid state laser built in UCLA. Images were scanned 

at a resolution of 20 /um per pixel. 

It is evident from the above results and discussion that the subject invention provides 
a rapid, high throughput means to simply and quickly obtain a broad-scale screening of gene 
30 expression in a variety of different samples. Only simple hybridization protocols need be 
employed with the subject arrays, and signals can be detected using any convenient and 
readily available detection device. Despite their simplicity, assays conducted with the 
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subject arrays yield a large amount of information regarding the expression of numerous 
different and important genes in a particular sample at substantially the same time, and thus 
have use in many different types of applications, including drug discovery and 
characterization, disease research, and the like. 

5 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. The citation of any 
publication is for its disclosure prior to the filing date and should not be construed as an 
10 admission that the present invention is not entitled to antedate such publication by virtue of 
prior invention. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it is readily apparent to 
15 those of ordinary skill in the art in light of the teachings of this invention that certain changes 
and modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 
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WHAT IS CLAIMED IS: 

1 . An array comprising a plurality of polynucleotide spots stably associated with the 
surface of a solid support, wherein a portion of said plurality of polynucleotide spots 
comprise a polynucleotide probe composition made up of unique polynucleotides and all of 

5 the unique polynucleotides on said array correspond to genes of a specific type. 

2. The array according to Claim 1 , wherein said polynucleotides of said array have an 
average length of from about 120 to 1000 nt. 

10 3. The array according to Claims 1 or 2, wherein each of said unique polynucleotides 
does not cross hybridize with the polynucleotides of any other polynucleotide probe 
composition on the array. 

4. The array according to Claims 1, 2 or 3, wherein said polynucleotide probe 
1 5 composition comprises a population of single stranded identical polynucleotides. 

5. The array according to Claims 1, 2 or 3, wherein said polynucleotide probe 
composition comprises a population of two different complementary single stranded 
polynucleotides. 

20 

6. The array according to any of the preceding claims, wherein the density of spots on 
said array does not exceed about 500/cm 2 . 

7. The array according to any of the preceding claims, wherein the number of spots on 
25 said array ranges from about 50 to 1000. 

8. The array according to any of the preceding claims, wherein said array is selected 
from the group consisting of a human array, a mouse array, a cancer array, an apoptosis 
array, a human stress array, an oncogene/tumor suppressor array, a cell-cell interaction array, 

30 a cytokine and cytokine receptor array, a rat array, a blood array, a mouse stress array, and a 
neuroarray. 
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9. The array according to any of the preceding claims, wherein said solid support is 
flexible. 

10. The array according to any of the preceding claims, wherein said solid support is 
5 rigid. 

1 1 . The array according to any of the preceding claims, wherein said polynucleotide 
probes of said array are those listed in a table selected from the group consisting of: Table 1, 
Table 2, Table 3, Table 4, Table 5, Table 6, Table 7 and Table 8. 

10 

12. A method of preparing an array according to any of the preceding claims, said 
method comprising: 

enzymatically generating said unique polynucleotides; and 
stably associating said enzymatically-generated, complementary, unique 
1 5 polynucleotides on the surface of said solid support. 

13. A set of a representative number of distinct gene specific primers comprising gene 
specific primers corresponding to at least twenty distinct genes. 

20 14. The set of gene specific primers according to Claim 13, wherein at least two of the 
twenty distinct genes are from different gene functional classes. 

15. The set of gene specific primers according to Claim 14, wherein the set comprises 
from 20 to 1 0,000 gene specific primers. 

25 

16. The set of gene specific primers according to Claims 13, 14 or 15, wherein the set 
comprises primers capable of amplifying at least a portion of the polynucleotides present on 
an array according to any of Claims 1 to 1 1. 

30 1 7. The set of gene specific primers according to Claim 1 6, wherein the set comprises 
primers capable of amplifying at least 20 of the polynucleotides present on an array 
according to any of Claims 1 to 1 1 . 
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18. A method for detecting expression of a gene using a hybridization assay, said method 
comprising: 

contacting at least one labeled target polynucleotide sample with an array according 
to any of Claims 1 to 1 1 under h\ bridizaiion conditions sufficient to produce a hybridization 
5 pattern; and 

detecting said hybridization pattern. 

19. The method according to C laim 1 8. wherein said method further comprises washing 
said array prior to said detecting step 

10 

20. The method according to Claims 1 8 or 19, wherein said method further comprises 
preparing said labeled target pot \ nucleotide sample. 

21. The method according to Claim 20, wherein said preparation comprises; 
15 obtaining a sample ot nuclcti acids from a physiological source; and 

generating a population «>! labeled nucleic acids from the nucleic acids sample by 
using a set of a representative number o! distinct gene specific primers according to any of 
Claims 13 to 17; 

whereby said labeled target pi *!> nucleotide sample is produced. 

20 

22. The method accorJmg t*» i iaims 20 or 21, wherein said preparing comprises 
conjugating a detectable label to j lat^tionalized target polynucleotide. 

23. The method according t.» an\ *>l Claims 18 to 22, where said method further 
25 comprises: 

generating a second h\ bridi/ution pattern; and 
comparing said h>bnJi/ation patterns. 

24. The method according u* Claim 23. wherein said hybridization patterns are generated 
30 on the same array. 
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25. The method according to Claim 23, wherein the second hybridization patters are 
generated on different arrays. 

26. A kit for use in a hybridization assay, said kit comprising: 
5 an array according to any of Claims 1 to 1 1. 

27. The kit according to Claim 26, wherein said kit further comprises reagents for 
generating a labeled target polynucleotide sample. 

10 28. The kit according to Claims 27, wherein said reagents comprise a set of a 

representational number of gene specific primers according to any of Claims 13 to 17. 

29. A kit for use in detecting the differential expression of genes of a plurality of 
physiological sources, the kit comprising: 
15 a set of a representative number of distinct gene specific primers according to any of 

Claims 13 to 17. 
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